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CHAPTER-I 
INTRODUCTION 
Water makes our planet unique from all other heavenly bodies. Without water 
nothing can sustain. Water is a prime natural source, a basic human need and a 
precious natural asset, which requires a loving care. Over 90 percent of fresh water 
available is groundwater which is an important resource and a major source of 
drinking water for the world's population. However potable groundwater resources 
are not uniformly distributed through out the world. In addition, water supplies are 
being stressed by increasing demand for water as the world's population continues to 
grow and communities seek short term solutions to this rising demand. As demand for 
the potable water increases, groundwater may be relied upon more heavily as source. 
Consequently the availability of groundwater now and in future will be important, 
over use of groundwater may result in serious shortages in the many areas, especially 
in water scarce region (Moran 2004). 
Groimdwater is major source of drinking water both in rural and urban India. 
Besides it is an important source of water for the agricultural and industrial sectors. 
As on date, groundwater contributes to more than 50% of total irrigated area in the 
country. Its contribution covering nearly 85% of rural water supply, has been 
significant in the drinking water sector (Kittu 2003). The contribution of the 
groundwater irrigation to achieve self sufficiency in the food grains production in the 
past five decades is phenomenal. In the coming years the groundwater utilization is 
likely to increase manifold for expansion of irrigated agriculture and to achieve 
national targets of food production. Although the ground water is annually 
replenishable resource, its availability is non-uniform in space and time. Hence, 
precise estimation of ground water resource and irrigation potential is a prerequisite 
for planning its development. 
The replenishable groundwater resources in the country have been estimated as 
43.3 m.ha.m Out of this allocation for drinking water, industrial sector and system 
losses comes to be 7.1 m.ha.m. Utilizable resources potential is to the tune of 32.63 
m.ha.m. Balance volumetric resource available for future development comes to 22.73 
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m.ha.m. The utilizable irrigation potential from groundwater has been estimated as 
64.05 m.ha.m. Out of which the potential already created works out to be the 35.37 
m.ha., leaving in balance irrigation potential of 30.99 m.ha.m. for the development. 
(Kittu 2003). On volumetric basis the status of groundwater development for the 
country as a whole is 37.24 percent and is sub-optimal. On area basis status of 
irrigation potential created from groundwater comes to 55% of the utilizable potential. 
State wise development is highly variable. States of Haryana, Tamilnadu, Rajasthan, 
Gujarat, and Western parts of Utter-Pradesh register high status of groundwater 
development from 60-97%. Non-uniform development has created nearly 310 
overexploited blocks in different states. 
The main problem comes from the uneven distribution of this vital resource 
and the rainfall being the main source of groundwater recharge is quite erratic in 
nature, adds to the problem. For a sustainable management of the groundwater the 
local conditions are very much relevant and in most of the places, the groundwater 
balance is tending negative and resulting into continuous decline in water table and 
making the area over-exploited. In the situation of negative or limiting groundwater 
balance it is extremely important to estimate all the components of flows very 
precisely and then employ aquifer modeling for management of groundwater and its 
prediction. 
Study area 
The present study is conducted in parts of Muzaffamagar district of western 
Uttar-Pradesh. The area constitute a part between Krishni-yamuna interfluves, lying 
between 29° 19' and 29°30'N and 77°08' and 77°22' E (Fig. 1 ).The area covered during 
this study is 434 sq. Km. The whole area is fertile track and provides land for a 
ntimber of crops; however Sugarcane and wheat remained principal crop of the 
region. The area constitutes two blocks of Muzaffar-nagar district i.e. Kairana and 
Shamli. Both the blocks are overexploited and hence placed under "dark" and "grey" 
category of groundwater development, respectively (Kumar 1994). This situation has 
led to select the area for present study. 
Aims and Objectives: 
In pursuance of the above, the investigation was carried out in the Krishni-
Yamuna sub basin with the following objectives: 
• To delineate the regional aquifer system, their geometry, and their aquifer 
parameters. 
• To study the movement of groundwater and long term behaviour of water 
level in space and time. 
• To evaluate groundwater resources of the basin. 
• To carry out Groundwater flow modeling. 
• To study the hydrochemistry of groundwater and their suitability for 
various uses. 
Previous work 
Previous hydrogeological investigations in the area were mainly carried out by 
Central Groundwater Board and State Groundwater Department. The study area was 
studied under upper Yamuna project of Central Groundwater Board. The objectives of 
the project were to map the sub-surface aquifer occurring up to depth of 450 m bgl 
and to determine their parameters. Bhatnagar et al. (1982) analysed and co-related the 
electrical and litho logical logs of the exploratory boreholes and identified four 
distinct groups of permeable granular zones separated by three poorly permeable to 
impermeable horizons. These groups of aquifer extend all over the basin except close 
to Delhi where the bedrock is encountered at shallow depth. 
Aquifer modelling studies have been carried out in Krishni-Hindon inter 
stream region (Gupta et al. 1979) and Daha region (Gupta et al. 1985). They have 
assessed the stream aquifer interaction as well as conjunctive use of surface water and 
groundwater in Daha region. 
Goel (1975) conducted recharge estimation studies using environmental 
tritium method and recommended 22% of rainfall as recharge to aquifers in western 
Uttar Pradesh. Khan (1992) carried out systematic hydrogeological investigation in 
parts of Muzaffamagar district (Field session 83-84). He studied the first group of 
aquifer. He had reported water level between 2-8 m bgl in the present study area. The 
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water level in the southern part of study area is deeper and reported to acquire 
declining trend. The Kairana and Shamli blocks were placed under white category in 
relation to groundwater development. 
Kumar (1994) carried out reappraisal survey in (Field session 1992-93) in 
parts of Muzaffar nagar and identified Baghra, Kairana, Uoon, Budhana and Shahpur 
blocks as overexploited where the groundwater development has reached up to 
142.15%. Further, the status of development in Kairana and Shamli was estimated to 
89.14% and 84.9% respectively. It was recommended that the exploitation of 
groundwater be stopped in these blocks. Because of this situation the area was 
selected for the present study. The water balance was estimated afresh through 
conventional water balance method and aquifer modeling. 
Methodology 
In order to generate quantitative data base on hydrogeology and 
hydrochemistry systematic groundwater surveys were carried out supported by 
laboratory investigations. 
• The literature pertaining to study area was collected and background 
information on state-of-the-art was generated. 
• Toposheets of the study area were used to generate base map for the field 
survey. 
• Rainfall and various other hydrological and hydrogeological data pertaining to 
the area were collected. The rainfall data were statistically analysed and the 
mean, standard deviation, coefficient of variation were calculated. 
• Evenly spaced 29 observations well (hand pumps) networks were established to 
monitor water levels and sampling. 
Repeat measurements to monitor the changes in water level, for pre and post 
monsoon were made. 
Lithologs of deep tube wells were collected and various cross-sections were 
prepared. 
In all, 40 groundwater samples were collected fi-om hand pumps in duplicate to 
see lateral variation in groundwater quality. One group of sample was kept for 
physico-chemical examination while the others were immediately acidified with 
10 ml 6 N HNO3 and kept for trace element analyses. 
The water level data of hand pumps were processed, plotted and interpreted. 
Various maps like depth to water map, water table contour maps and water level 
fluctuation map were prepared. 
Groundwater flow modeling study of the area using software MARTHE Version 
4.3 was attempted. 
Water samples were analysed for major and trace elements to detennine its 
quality for domestic and irrigation uses. 
Concurrence and synthesis of hydrogeological, hydrometeorological and hydro-
chemical data was attempted to generate the model for groundwater regime of 
Krishni-Yamuna sub-basin presented in the present dissertation. 
CHAPTER-II 
THE STUDY AREA 
Physiography 
The district Muzaffar nagar is rectangular in shape and lies between latitude 
29°1 r N and 29°43' N and longitude 77°4' E and 78°07' E. It is situated between 
the district of Saharanpur on the north and Meerut on the south and is bounded by 
the Ganga on the east and the Yamuna on the west. 
The chief rivers, the Ganga, the Kali, the Hindon, the Krishni and the 
Yamuna have played an important role in carving the topography of the district 
and divide it into four fairly distinct tracts i.e. the (i) Ganga Khadar, (ii) upland up 
to Kali Nadi, and (iii) the Kali Hindon doab and the (iv) Hindon Yamuna doab. 
The present study area is a part of Hindon-Yamuna doab. 
The river Yamuna, which forms the western boundary of the district, flows 
in an irregular course from north to south with uncertain and not well defined 
channels. The river commands a large tract of low lying area of newer alluvium, 
locally known as Khadar. The river krishni forms the eastern boundary of the area. 
Near the river Krishni there is as usual, much poor soil and low land areas are well 
adapted for rice cultivation. Krishni flows in a well defined channel, and the 
Khadar is small as compared to Yamuna. The central upland is somewhat like an 
elevated plateau. 
The area exhibits a gentle slope due south and southwest where the 
elevation ranges between 245 m near Shamli in north to 230 m in the south at 
village Mawi. The central upland region has elevation from 242-240 m. amsl. 
Krishni-Yamuna sub-basin 
This tract known as the central tract is high throughout and is very fertile 
but the groundwater level is very deep. The Main canal i.e. the Eastern Yamuna 
canal enters near Badhae and traverse through the area in north south direction. 
The eastern and western portions of the central high land slope down to the rivers 
on either side, and are marked by ravines which cut into the good land above. 
Beyond the Krishni river, lies a good tract of land traversed by the main channel of 
the Eastern Yamuna canal. The Khadar of the Yamuna is much better cultivated, 
Kharif and zaid cropping is much in practice in this area. The central region and 
area due south from Shamli have got excellent fertile soil and therefore this region 
is densely cultivated. However north of Shamli, the tract is poorly cultivated. The 
low grounds along the canal have got reh soil which has thrown considerable area 
out of cultivation. Generally speaking, the soil is much less sandy than in and 
around the Yamuna canal tract (Nevil 1903; Varun 1980). 
Drainage 
The drainage of the study area is mainly controlled by the two rivers i.e. 
Krishni and Yamuna which are flowing from north to south. Both the rivers are 
perennial in nature. In the central portion of the river Yamuna it shows a distorted 
meander which confesses the presence of fault beneath. Both the rivers are 
meandering in nature. Katha river is a small stream which flows along the NW 
corner of the area and joins the Yamuna river near village Mohammadpur rain. 
Climate 
The climate of the area is characterized by general dryness except during 
the brief span of monsoon reason. It has a hot summer and a cold winter. The year 
is divided into the four seasons. The period from the middle of November to about 
the ends of February is the cold season. The hot season which follows continues 
upto about the end of June. The rainy season starts during the mid June and 
continues up to September. The highest temperature is recorded during month of 
June i.e. 40''C-45°C and lowest temperature is recorded during the month of 
January i.e. 4°C. The average annual temperature of the area ranges from 32''C to 
20°C. Therefore the climate of the region is quite favorable for the major crops 
like Sugarcane, Wheat and rice etc. 
Winds are generally light and only a little strong in the summer and 
monsoon seasons. During October and April they are mostly westerly or north 
westerly. From May they become easterly and during the south-west monsoon 
season, they are predominantly easterly or south-easterly. 
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Rainfall 
The monsoon season start in the second week of June, heavy precipitation 
takes place in the month of July, August and monsoon finally retreats by the end 
of September every year. The area on an average receives 794 mm of annual 
rainfall. 
Aerial Distribution of Rainfall 
A perusal of the isohyetal map (Fig.2) of the district shows that the 
intensity of rainfall decreases from east to west and on average slightly more than 
900 mm annual rainfall (2002) which gradually decreases to 500 mm in the 
southwest, proximal to the banks of river Yamuna. 
Variability of Rainfall 
The available data of Kairana and Shamli rainguage stations for the period 
1980-2004 and 1994-2004, respectively have been statistically analysed and 
results are tabulated in Tablela & lb,(Fig.3a,3b). The highest rainfall is recorded 
1220 mm (1990) and 1099 mm (1995) at Kairana and Shamli rainguage station, 
respectively. The lowest rainfall is 322 mm (1987) and 422 mm (1999) at Kairana 
and Shamli rainguage stations, respectively, showing a wide range of variation. 
The statistical analysis of rainfall data is listed in Tablela & lb. 
Results of statistical analysis of annual rainfall at two rainguage stations, 
District Muzaffar nagar 
Table la.Kairana Rainguage Station 
Highest rainfall (1996) 
Lowest Rainfall (1999) 
Mean 
Standard Deviation 
Coefficient of variation 
997.1 
435 
668.14 
205.94 
30.82 
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Table lb. Shamli Rainguage Station 
Highest rainfall (1995) 
Lowest Rainfall (1999) 
Mean 
Standard Deviation 
Coefficient of variation 
1099.2 
422 
782 
311.6 
39.85 
Regional Geological Set-up 
The study area forms a part Ganga basin, which is one of the important 
physiographic units of India. The Ganga plain occupies the central position in the 
Indo-Gangetic foreland system. Geographically, it extends from the Aravalli-Delhi 
ridge in the west to the Rajmahal hills in the east, and from Himalayan foothills in 
the north to the Bundelkhand Vindhyan Plateau in the south. The east west length 
of the Ganga plain is about 1000 km and north south width varies from 450 km 
(western part) to 200 Km eastern part and occupies an area of about 250,000 km 
(Singh 1996,2004). Morphologically, the Ganga plain is a shallow asymmetrical 
depression with a gentle easterly slope. Along the piedmont zone, close to 
Himalaya, the altitude varies from 280 m in west to 67 m in east. Stratigraphically 
it is built up of alternate layer of gravel, sand and clays of Quaternary age. The 
Ganga plain exhibits asymmetrical sedimentary wedge, only few tens of meter 
thick towards peninsular craton and upto 5 km thick near Himalayan orogen 
(Singh 2004). 
The flexing lithosphere below the Ganga plain shows many inhomogeneties 
in the form of ridges and basement faults (Sastri 1971; Rao 1973) which are as 
follows: 
1. 
2. 
3. 
4. 
5. 
Monghyr-Saharsa Ridge 
East Uttar Pradesh shelf 
Gandak Depression 
Faizabad Ridge 
West Uttar Pradesh Shelf 

6. Kasganj Tanakpur Spur 
7. Ram-Ganga depression 
8. Delhi Hardwar Ridge 
These basement highs and faults have controlled the thickness of the 
alluvial fill (Bajpai 1989; Singh 1996) and have also affected the river channel on 
the surface. 
The study area is at the fringe of Delhi Haridwar Ridge, which represent a 
north-north eastward (NNE) extension of Delhi folded belt. The western limit of 
Ganga basin is delimited by Delhi-Hardwar Ridge and oldest sedimentary 
sequence in the basin namely Upper Vindhyan gradually thin out towards this 
ridge. 
Sub-surface Geology of the Area 
An extensive sub-surface data down to 450 m bgl have been generated 
under the Upper Yamuna projects of Central Groundwater Board (CGWB) with 
the objective of delineating the various aquifer system and their hydraulic 
parameters (Bhatnagar et al, 1982). On the basis of correlation of lithologs and 
electrical logs, four distinct groups of permeable granular zones were identified 
which are separated by three impermeable horizons. Recently, CGWB carried out 
an exploratory drilling down to the bedrock somewhere near Meerut city. Here the 
Quaternary alluvium probably lies directly on the Delhi Quartzite or Delhi-
Haridwar Ridge (Personal Communication Central Ground Water Board). The 
study area is about 60 Km North of Meerut city where the probable depth to bed 
rock will be approximately 1.3 Km. This is further substantiated by (Fig.4) which 
shows that the area lies between 1 to 1.5 Km sediment thickness contours (Singh 
2004). 
However, the probable stratigraphic sequence of the study area is given as 
under. 
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Table 2 
Quaternary Alternate beds of sand and clay with occasional bed of calcret. 
Unconformity 
Upper Protoerozoic Vindhyan 
Unconformity 
Middle Protoerozoic Delhi quartzite 
- Unconformity 
Archean Bundelkhand granite 
It appears that a very long period of erosion preceded the deposition of 
Delhi Group of rocks on the eroded and upturned surface of Bundelkhand granite. 
Here the Quaternary alluvium probably lies directly on the Delhi Quartzite or 
Delhi Hardwar ridge. 
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CHAPTER-III 
Hydrogeoiogy 
The Ganga basin forms one of the most potential groundwater provinces of 
India (Pathak 1978) of which state Uttar Pradesh forms an important part. It is 
broadly divided in to four zones viz. (1) Bhabar zone (2) Tarai belt, (3) Central 
Ganga plain, (4) southern marginal plain. 
Since Ganga basin is the largest groundwater basin of Indo-Gangetic plain 
hence an understanding of Hydrogeological setup of basin, sub-basins or a part of 
it is essential for any groundwater studies. Keeping this in view, Krishni-Yamuna 
basin in parts of western UP was selected for present investigation. Systematic 
well inventory of 29 hand pumps and 25 deep bore holes were carried out and 
relevant hydrogeological data were collected (Fig.5), which have furnished 
valuable information on groundwater conditions of the area. 
In order to study the occurrence and movement of groundwater in various 
physiographic units of the area, depth to water maps, water level fluctuation map 
and water table contour maps have been prepared. In addition lithological logs of 
deep tube wells (80-140 metres) depth were studied and utilized in preparation of 
various cross sections which unveiled the subsurface aquifer disposition in the 
area. Beside, permeability of aquifer was calculated by Logan's approximation to 
prepare isopermeability map of the area. Well hydrographs were studied to know 
the long term variation in water level. 
Groundwater Conditions 
The clastic sediments ranging from coarse, to medium sand mixed with 
pebble, gravel and rarely vviih kankar form the major repository of groundwater in 
the area. 
The rainfall forms the main source of groundwater recharge. Recharge also 
occurs through irrigation, return flow and seepage from the canal network. 
12 
Evolution of Aquifer 
The evolution of aquifers in fluvial system is dependent upon 
hydrodynamics of the flow regime, geology and topography of the terrain, leading 
to the terrigenous clastic deposition system, which are typically represented as the 
channel, flood plain and back swamp deposits. 
Channel Deposits 
The typical channel deposits of the river Yamuna as observed in the study 
area from bottom upward comprise coarse sand mixed with gravel, pebbles 
through medium to fine sand to silt and a thin clay layer at the top. This top clay 
and some fine sand layers are washed away during the succeeding flood period 
and fresh body of sand with fining upward sequence is deposited again each year, 
forming thereby reasonably thick terrigenous clastic deposits till the river changes 
its course due to some tectonic control through convulsion. These thick bodies of 
sand form the potential repositories of ground water or potential aquifers. 
Flood plain Deposits 
During the flood season when the flood water overflows the banks, medium 
to fine sand bodies of moderate thickness and of limited areal extent are deposited 
over the flood plain. These lenticular bodies of sand form the moderately potential 
aquifers in comparison to the highly potential aquifers of the channel deposits. 
Back-swamp Deposits or Oxbow Lake Deposits 
The flood water, further moves down the slope, to the low lying areas 
where it left predominantly with the suspended materials which get settled under 
the influence of gravity and form a lensoid body of sand which is further overlain 
by the sfill finer elastics i.e. clay. Thus these occurs enclaves of sand bodies 
intercalated within the underlying and overlying thick clay beds. Such bodies of 
sand form the poor aquifers. These aquifers are typical representatives of back 
swamp environment or oxbow lake environment. 
Thereafter the river changes its course under tectonic control through 
convulsion or some other factor like earthquake etc. Thus with the passage of 
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time, the position of channel, flood plain, and back swamp deposits also continue 
changing. That is why we do not get continuous body of sand or clay except under 
certain extraordinary situation in a single drill hole. 
Aquifer Geometry 
An extensive subsurface data has been generated in Upper Yamuna alluvial 
plain under Upper Yamuna project of CGWB with the objective of mapping the 
sub-surface aquifer system occurring upto 450 m depth (Khan 1992). Number of 
exploratory wells drilled throughout the basin. Out of these, two wells were drilled 
at Kheri and Sikka villages in the study area. On the basis of electrical and 
lithological logs four distinct group of aquifer were identified (Bhatnagar et al. 
1982). These groups lie at depth of 1-185 m, 115-235, 235-329 and 355-488 m 
bgl. Each group of granular zone represents a separate sedimentoiogical 
environment and hence may identify as having its own spatial and temporal limits. 
In the present investigation, the first group aquifer was taken for detailed 
study. Five hydrogeological cross sections along the line A-B, C-D, E-F, G-H and 
I-J (Fig.5) were prepared to see the lateral and vertical extension of aquifers. The 
section drawn along line A-B (Fig.6a) shows that the top clay layer varying in 
thickness from 3-17 metres is followed by granular zone ranging in thickness from 
8m in the east to 15m in the west. Clay bed occurring below the first granular zone 
is 12 meter thick in west and attains a maximum thickness of 30 m in the east. The 
second aquifer range 30-45 metres in thickness is underlain by clay layer. 
Section C-D (Fig.6b) shows occurrence of single tier aquifer. The top clay 
layer persists through out the area. It has maximum thickness in the middle part of 
the section which gradually reduces toward east. The second impermeable layer 
occurring in the range of 20-45 m depth is not extending further east beyond the 
well no. 13. The thickness of granular zone is more than 90% around Shamli. 
In the section E-F (Fig.6c), also the top clay layer occurs throughout the 
area. This section shows single layer aquifer system down to a depth of 100 m. 
clay bed occurs simply as lensoid body. 
Section G-H (Fig.6d) and I-J (Fig.6e) runs diagonally across the area 
from SW to NE direction. These sections show three layered aquifer system upto 
14 
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Figure.6e. Hydrogeological cross section along I-J. 
approximately 100 m depth. In these sections the clay bed occurs in repeated 
alternation with the granular zones. The top clay bed appears to persist in the 
entire area though its thickness decreases due west. The section show that the 
granular zones comprising sand and gravel form about 60-65% of total formation 
encountered down to the depth of 125 m. 
The granular material is composed of medium to coarse sand. Gravels, 
pebbles and Calc Concretion in the sand horizon are also encountered. 
Depth to water table 
In an unconfmed aquifer, the water table is the upper surface of zone of 
saturation where the pressure is atmospheric. It is defined by the level at which 
water stands in well penetrating the aquifer, however in general the water level 
standing in dug wells are considered accurate enough to represent water table of an 
area. The depth to water map depicts the regional variation of the water level with 
respect to land surface all over the area. The water level maps are useful in 
deciphering the area of recharge and discharge. Recharge areas are characterized 
by deeper water table while shallow water table indicates discharge area (Fetter 
1988). 
Depth to water map (Pre-monsoon) 
Water levels data of 29 wells (handpumps) evenly space through out the 
area were utilized to prepare the depth to water map of the basin. In pre monsoon 
(June 2004) the depth to water range from 5-16.5 meters below ground level 
(Fig.7). The area has been divided in to six depths to water zones varying from (I) 
less than lOm (2) 10-12 m.b.g.l. (3) 12-14 m.b.g.l. (4) 14-16 m.b.g.l and (5) above 
16rn.b.g.I. The deepest water level viz. above 16 m bgl was recorded at Jharkheri 
and the shallowest 5.07 m bgl at Mawi in Yam.una khadar. A perusal of the map 
shows that in the upland area the depth to water generally varies 14-16 m.b.g.l. 
However in the low lying areas i.e. along the river Yamuna, the water table ranges 
below 10 m bgl. 
The area lying in the middle of Krishni-Yamuna Interfluve depth to water 
varies between (14-16) m bgl. The water level along East-Yamuna canal is in the 
range of (10-12) m.bgl. However, in the same tract shallow water level in range of 
15 
A 
20000 
15000-
10000-
5000-
2000 4000 6000 8(X)0 10000 UM 14000 1( 
Legends 
11S0 2 Km S c ^ 
8 10m 10 1?m 1^ 14m 14 16m l e m 
Fiigure.7. Depth io water table map of the study area (June, 2004) 
A 
N 
20000 
15000 
10000 
5C«0-
1 I r^ 1 1 1 1 1 I ' r^ r '—( 
2000 4000 6000 8000 10000 12000 14001 16000 18000 20000 22000 24000 
Legends 
H m 0 2 Km 
7 y m y I 1 m \ I I j m H i 5 m I ' m 
0CQ16 
Figure 8. Depth to water table map of the study area (Post-monsoon,2004) 
2-4 m bgl along lower Yamuna canal and 4-6 m bgl around Shamli was reported 
by Central Groundwater Board in 1983-84 (Khan, 1992). Therefore this can be 
easily inferred that the water level has been declining since the last two decade 
due to heavy withdrawal and over exploitation. Moreover, the drying of Eastern 
Yamuna Canal has further aggravated the situation. 
Depth to Water table map (Post-monsoon 2004) 
Figure 8 shows the depth to water map of post-monsoon period. Perusal of 
the map shows the shallowest water level i.e. 4.95 m bgl, was recorded at village 
Mawi, lying close to the river Yamuna, while the deepest level i.e. 14.39 m bgl 
was observed at village Jharkheri in the central upland. 
During 2004, the area received 552 mm of rainfall. Consequently the rise 
in the water table was recorded in the range 0.40 to 0.85 meters. Since the area 
receive low amount of rainfall therefore the post-monsoon depth of water map 
does not show any significant change. 
Water Level Fluctuation 
Figure 9 shows the water level fluctuation in the area. The fluctuations are 
represented by way of contours of water level difference in Pre and Post monsoon 
water levels for the period of June and November, 2004. 
The difference in the groundwater levels depicts the role of various inflow 
and outflow components viz. rainfall, irrigation return flow and discharge in the 
form of pumpage. 
The eastern and western part of the area lying proximal to river krishni and 
Yamuna respectively, received rise in water table in the order of < 0.6 m. The 
central upland, owing to high elevation and comparatively flat topography, seems 
to be the area of recharge. 
Unlikely, the area lying close to Yamuna and krishni river, has rugged 
topography and comparatively high slope gradient. Therefore the major amount of 
rainfall is lost in the form of surface runoff and small fraction of it finds its way to 
percolate down to join the water table of the area. 
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Water table contour map (Pre-monsoon, 2004) 
Water level data of wells collected during pre-monsoon (2004) were 
analysed and altitudes of water levels were plotted and water table contour maps 
were prepared with contour interval of one meter. Figure. 10a shows the water 
table contour map of the area for June 2004. The 3-D projection map is also 
produced (Fig. 10b) which shows the elevation of the water table in Z-direction. 
Movement of Ground Water 
Water level data of wells collected during pre-monsoon were analysed and 
attitude of water level with reference to the mean sea level were worked out. The 
reduced level of water with reference to msl (mean sea level) was plotted and 
water table contour map was prepared, with contour interval of one meter. The 
water table contour maps are very useful in deciphering the ground water flow 
direction, gradient and area of recharge and discharge. Convex contours show tract 
of ground water discharge (Todd 1980). 
A perusal of 3-D Water table contour maps (Fig. 10b) shows that the 
general direction of groundwater flow is from north to south with few variations at 
places caused by local factors. The groundwater flow is from NE to SW i.e. 
groundwater contributing the Krishni and Yamuna rivers, this depict clearly, the 
effluent nature of the Krishni and Yamuna rivers. Besides, at the western side of 
the basin the flow direction is from east to west. 
Form and Slope of Water table 
In general the gradient varies from 2.2 m/km in the NE region to .4 m/km at 
SW region of the study area. However the average gradient of the area is 0.6 
m/km. 
In the NW direction of the area, there occur two small groundwater troughs 
at village Titoli and PautiKalan. The possible reason for these troughs is 
indiscriminate pumping of groundwater for agricultural uses. However wide 
contour spacing encircling the trough confirms high hydraulic conductivity in the 
south of the trough. Close spacing of contour in the north of the trough is 
indicative of two factors viz. 
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• Heavy withdrawal of groundwater. 
• Low permeability of aquifer material 
During the field investigation it was observed that the area is excessively 
pumped which may be responsible for close space contours. 
Water table contour map (post-monsoon) 
Map (Fig.lla&b) shows the post-monsoon water table contour for the year 
2004. The post-monsoon map remain essentially the same because of little 
fluctuation in water level, hence no significant change occur in the water table 
contour map of November 2004. The concave trend of the contour lines following 
the Eastern Yamuna Canal has shifted towards the further south of the area. 
Long term Behaviour of water levels 
Hydrographs 
Historical water level data of three permanent hydrograph stations were 
collected from Groundwater Department. The data were utilized to prepare 
hydrograph with a view to study their behaviour with respect to time and space 
and their dependence on natural phenomenon. 
A perusal of hydrograph (Fig. 12a, b&c) indicate that the water level 
variation is cyclic and sinusoidal as a function of time and space. For a year, the 
water level is deepest during the month of June and shallowest during the month 
of November. It is observed that the water level starts rising by last week of June 
and attains shallowest level in November. 
From the above discussion it has been inferred that the water level has a 
rising and declining trend with respect to time and a function which causes such 
rises in water levels i.e. availability oi rainfall. 
Further, it is seen from the hydrographs that there is progressive decline in 
the water level, which is significant at Shamli and Bhoora. The annual rate of 
decline is 0.26 m/year for Shamli and 0.47 m/year for Bhoora. 
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Iso permeability map 
Logan (1964) reasoned that if a well is pumped for such a long period that 
flow is in steady state, then an approximate estimation of the order of magnitude 
of the transmissivity can be made using the Theim's formula for a confined aquifer 
which can be written as ; 
2.3 Q log (rniax/rw) 
T = 
27tSn 
where 
r = Radius of pumped well in meters 
Tmax = radius of influence in metres 
Smw ^ Max. drawdown in the pumped well in metres 
Logan further stated that the accuracy of the calculation depends only on 
the accuracy of measurement of Smw (on which well losses may have substantial 
influence) and on the accuracy of the ratio rmax/rw- As TmaJT^vi can not be accurately 
determined generally, Logan opined that although the variation in rmax and TW may 
be substantial, the variation in the logarithm of their ratio is much smaller. Hence, 
assuming average condition of ratio, he suggested a value of 3.33 for log ratio 
which may be taken as rough approximation. 
Substituting the value in the Eqn (1), we get the Logan's formula 
1.22 Q 
T = (i) 
Where Smw is the max. drawdown in a pumped well. Accordingly to Kruseman 
and Rider (1970), Logan's formula in above form gives erroneous results of the 
order of 50% or more. However, based on Logan's formula, an isopermeability 
map of the area was prepared. For the purpose, specific capacity and drawdown 
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data of various tube wells were collected and utilized for the determination of 
transmissivity and permeability 
A perusal of the Isopermeability map (Fig. 11) of the area of investigation 
shows that there are six permeability zones viz. (i) <20, (ii) 20-30, (iii) 30-40, (iv) 
>40. 
The permeability ranges between 20-30 m/day in the area lying adjacent 
to the Yamuna, however permeability values increases towards the east and at the 
bank of Krishni the values are as high as >40 m/day for permeability. 
Local variations are also marked at places. The area in the middle of 
Krishni-Yamuna Interfluve particularly at village Shamli and Kaserwa has low 
permeability value in the order <25 m/day. Low permeability values <20 m/day 
were also recorded in an around Shamli town, although the area has got very high 
sand percent (>80%). This may possibly be attributed to the subtle variation in the 
grain size, sorting characteristics that control porosity and permeability, and thus 
fluid flow characteristic. Moreover the steep gradient in the NE part of the area 
(Fig. 10a) confirm our view that the area has got low permeability values. 
Aquifer Test 
Though it had not been possible to conduct the pumping test on the 
existing tubewells during the present course of investigation, but for study purpose 
the data of pumping test conducted in the area under Upper Yamuna Project have 
been taken into the account. 
Long duration pumping test was conducted at Kheri village (77° 16^ 29*^  25^  
30^ ') by CGWB. The aquifer tested fall in group f with a depth range 3.5-155 
metres. Following are the test results 
Constant Discharge rate (Q) : 6.64x10 m/day 
Duration of pumping : 10,000 min. 
Specific capacity : 33.20 m /^hr/m 
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Evaluation of test result 
Table 3. The aquifer parameters evaluated are tabulated below 
S.No. 
1. 
2. 
Method 
Boulton 
Theis 
Plot 
t vs. s 
t vs. s 
Data 
used 
OW-II 
PZS 
T 
(m /day) 
1790 
1510 
3520 
SA 
2.3x10-^  
1.9x10-^  
SY 
5.9x10"' 
Remarks 
Early 
match 
Late 
match 
First 
segment 
data 
used 
The average of the determined value from the analysis of OW II and PZS, 
has been assigned to the test aquifer, as under: 
Transmissivity (T) ; 2580 mVday 
Storativity (Sy) : 5.90x10"^  or 5.9% 
Lateral hydraulic conductivity (Kr) : 17.00 m/day 
Various short duration pumping test conducted at different site in the 
research area by CG WB. The results of the aquifer test are given below. 
Table 4. Result of the short duration test conducted on UPSTW Department 
s. 
No. 
1. 
2. 
3. 
4. 
Location 
56 KG 
Khurgyan 
15 KG 
Jharkheri 
12 KG 
Jaganpur 
38 KG 
Mundait 
Aquifer 
Group 
tested 
(mbgl) 
125 
120 
143 
162 
Discharge 
m /^day 
3940.83 
3207.65 
265.122 
3207.65 
Non-
pumping 
water level 
3.947 
10.059 
7.857 
4.137 
Draw 
down 
in (m) 
9.325 
2.772 
2.943 
4.135 
Corrected 
T m /^day 
1265 
3190 
1941 
2018 
Kr 
m/day 
10.1 
26.6 
13.6 
14.4 
21 
CHAPTER-IV 
GROUNDWATER BALANCE 
The basic objective of groundwater resource evaluation is to 
estimate the total quantity of ground water resources available, and their 
future supply potential to predict possible conflicts between supply and 
demand and to provide a scientific database for rational water resources 
utilization (Earth Summit 1992). 
The high stress on groundwater due to abstraction of large 
quantities of groundwater through pumping for irrigation has threatens 
the sustainability of agriculture development. Therefore, it is necessary 
to adopt exploitation of groundwater to its availability (Marechal 2002). 
Accordingly a refined quantitative evaluation of groundwater resources 
of an area or basin becomes an essential pre requisite for its 
management. 
The study area which is part of central Ganga basin is well 
endowed with the groundwater resources in comparison to areas where 
groundwater resources are limited but overexploitation and 
mismanagement has created adverse impact on groundwater regime. 
Keeping this in view, an attempt was made to evaluate groundwater 
balance for the basin. 
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Components of groundwater balance 
Flows are divided into two categories in and outflows (Fig. 14). 
The first one are those flows coming in the watershed. They are positive 
and contribute to the recharge of aquifer. The second one corresponds to 
water leaving the aquifer and contribute to the discharge of aquifer. 
The quantitative changes because of these two components may be 
expressed as water balance equation, which is based on law of 
conservation of matter (Karanth, 1987). 
The groundwater balance may be expressed in the form of equation as: 
I - 0 = ± A S 
Where, I =inflow 
0 = outflow 
A S = changes in storage 
The heavy demand of groundwater sometime leads to excessive 
withdrawals and indiscriminate utilization which is often reflected in 
serious imbalance of hydrogeological situations at later date. It is 
therefore, imperative to identify various recharge and discharge 
components of groundwater regime and their effect on its variation with 
time 
I. Items of supply to ground water reservoir 
1. Precipitation infiltration to the water table. 
2. Canal Seepages. 
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3. (jround water inflow into tlie area under consideration. 
4. Recharge from irrigation return flow. 
11. Items of disposal from groundwater reservoir 
1. Evaporation from capillary fringe in areas of shallow water table, and 
transpiration by phreatophytes and other plants / vegetation. 
2. Natural discharge by seepage to streams. 
3. Ground water outflow. 
4. Artificial discharge by pumping. 
( § } A KIP 
<c 
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Fig. 14 Simplified scheme of Flow components. 
Evaluation of groundwater recharges parameters 
The recharge parameters form an important aspect of the 
assessment of groundwater resources evaluation. It involves 
hydrometeorological hydrological process taking place on the surface 
24 
and also involves sub-surface litho logical characteristics (Baweja and 
Karanth 1980). Various estimation of groundwater recharge in the 
country has been made (Rao 1970; Raghava Rao et al. 1969; Pathak 
1978).However these estimations were based on adhoc norms and not 
supported by field test. A large amount of data generated in recent years 
as result of the multidisciplinary project studies undertaken both by 
Central Ground Water Board and State Groundwater Departments have 
made rather realistic appraisal. 
In the present study the following methods were used to calculate 
recharge. 
i)Water table fluctuation method 
ii) Empirical method 
iii) Tritium method 
(i) Water Table Fluctuation Method 
A record of groundwater level data in the basin at specific interval 
of time leads to estimate the infiltration using basic relationship between 
balance over a given period and resulting water level fluctuations, better 
known as water table fluctuation method (Healy and Cook 2002): 
Blockwise estimation of recharge is given below. 
Kairana Block: 
Groundwater recharge = Geographical area x Sp. Yield x Wj. 
Geographical area = 234.5 Km^ 
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Average specific yield = 0.17 
Water table Fluctuation (Wj.)= 1.2 m 
= 234.5x0.17x1.2 
= 47.8 MCM 
Shamlj Block: 
Groundwater recharge = Geographical area x Sp. Yield x W^-
Geographical area = 200.5 Km^ 
Average specific yield = 0.17 
Water table Fluctuation = 1.23 m 
= 200.5x0.17x1.23 
= 41.9 MCM 
2. Empirical Method 
Based on the water level fluctuations and rainfall amounts in 
Ganga Yamuna interfluves (Chaturvedi, 1973) derived an empirical 
relationship to arrive at the amount of rain fall that penetrates the ground 
when rainfall exceeds 40 cm. 
Kairana Block 
W= 13.93 (P-381)° ' ' 
W = groundwater recharge 
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P = annual rainfall 
P= 13.93(950-381)°'' 
- 176.2 mm 
= 41.3MCM 
Shamli Block 
W= 13.93 (P-381)°^ 
W = groundwater recharge 
P = annual rainfall 
P= 13.93 (955-381)°"' 
= 176.81 mm 
= 35.45 MCM 
3. Groundwater recharge by tritium method 
Goel et al. (1975) carried out tritium tracer studies on groundwater 
recharge in the alluvial deposits of Indo-Gangetic plain of western U.P. 
Based on his estimation 22% of total rainfall is taken as recharge to 
aquifer. 
Gupta et al. (1985) assumed 20% of total rainfall as vertical 
recharge to aquifer in Daha region adjoining to study area. Their 
estimate was based on the analysis of water level fluctuations and was 
supported by environmental tritium studies. Since this is adjoining basin 
27 
to present study area therefore 20% of rainfall is considered as recharge 
to aquifer. 
Kairana Block 
Rainfall for the year 2003 = 950 mm. 
20% ofRainfall= 190mm 
Recharge = 44.55 MCM. 
Shamli Block 
Rainfall for the year 2003 = 955 mm. 
20% of Rainfall = 191mm 
Recharge = 38.29 MCM 
Table 5. Recharge in MCM estimated by different Methods 
Block 
Kairana 
Shamli 
Watertable Fluctuation 
47.8 
41.9 
Empirical Method 
41.3 
35.45 
Tritium Method 
44.55 
38.29 
The table shows that these values are closely related to each 
other. 
(2) Recharge through Irrigation return flow 
To evaluate the irrigation return flow to the groundwater, the 
irrigated area and volume of water applied for irrigation are taken into 
consideration for working out the total volume of water applied, of 
which 30% is assumed to return to groundwater body (Khan 1992) crop 
28 
wise return seepage in the area has been calculated in the basin which is 
given as below. 
Table 6a. Recharge through irrigation return flow in 
Crop type 
Monsoon 
Kharif 
Non Monsoon 
Rabi 
Zaid 
Sugarcanes 
Area 
Irrigated 
{Km') 
68.84 
101.09 
5.87 
104.37 
Average 
wetted 
depth (w) 
.4 
.4 
.15 
.4 
Irrigation 
water 
applied 
27.54 
40.44 
.881 
41.748 
Kairana Block. 
Seepage 
factor 
.40 
.30 
.30 
.35 
Seepage 
MCM 
11.02 
12.13 
.264 
14.61 
The total quantum of the irrigation return flow comes out to be 38.024 
MCM. 
Table 6b.Recharge through irrigation return flow in Shamli Block. 
Crop type 
Monsoon 
Kharif 
Non Monsoon 
Rabi 
Zaid 
Sugarcane 
Area 
Irrigated 
{Km') 
33.68 
71.27 
6.73 
108.56 
Average 
wetted 
depth (w) 
0.4 
0.4 
0.15 
0.4 
Irrigation 
Water 
applied 
13.47 
28.51 
1.009 
43.43 
Seepage 
Factor 
.40 
.30 
.30 
.35 
Seepage 
MCM 
5.38 
8.55 
.303 
15.20 
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The total quantum of the irrigation return flow is computed to be 29.433 
MCM 
(3) Quantum of recharge due to canal seepage 
Recharge through percolation from canals depends on the infiltration 
capacity of the canal sub-surface lithology, extent of wetted perimeter, 
length of canal etc. (Karanth 1987) The values of wetted perimeter of 
different canals passing through the area was taken from CGWB report 
(Khan, 1992)). 
Canal seepage = length x wetted perimeter x total running days 
The seepage from various canals and distributaries are listed in Table? 
a&b. 
Ta.Recharge due to canal seepage (Kairana Block) 
Type of 
canal 
1 
Branch 
Distributary 
Minor 
Total 
length 
of 
canal 
(km) 
2 
1.65 
29.52 
24.19 
Average 
wetted 
peri-
meter 
(m) 
3 
27.43 
5.61 
2.78 
Average running 
days 
Non 
Monsoon 
4 
211 
85 
82 
Monsoon 
5 
115 
45 
40 
Seepage (MCM) 
Non 
monsoon 
[Col. 2 X 
col. 3 X 
col. 4 X 
216x10-*] 
6 
2.22 
3.08 
1.17 
Monsoon 
[Col. 2 X 
col. 3 X 
col. 5 X 
216x10'*] 
7 
1.09 
1.54 
0.61 
Yearly 
8 
1 
1 
9.65 
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Table 7b. Recharge due to Canal Seepage (Shamli Block) 
Type of 
canal 
1 
Branch 
Distributary 
Minor 
Total 
length 
of 
canal 
(km) 
2 
15.3 
55.6 
16.4 
Average 
wetted 
peri-
meter 
(m) 
3 
14.25 
6.13 
3.3 
Average running 
days 
Non 
Monsoon 
4 
211 
86 
81 
Monsoon 
5 
115 
43 
42 
Seepage (MCM) 
Non 
monsoon 
[Col. 2 X 
col. 3 X 
col. 4 X 
216x10'] 
6 
10.13 
5.9 
.96 
Monsoon 
[Col. 2 X 
col. 3 X 
col. 5 X 
216x10"'] 
7 
6.26 
2.90 
.42 
Yearly 
8 
27.96 
i 
Horizontal flow across the boundaries of the basin 
The Krishni and Yamuna Rivers are hydraulically connected with 
the aquifer. The water table contour map clearly shows the effluent 
nature of these rivers. However the horizontal flow towards the river 
Yamuna is very less as compared to the horizontal flow towards the 
Krishni River. The horizontal inflow, however, was calculated from 
northern part of the basin only. The only side from where the water is 
being added to the system. 
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Calculation of the Inflow: 
Kairana Block 
HIN - Tx A X dw 
dV 
Where 
T = Transmissivity 
dh = Head 
dl = Length of the cell 
dw = Width of the cell 
HIN = 4.25 MCM 
Shamli Block 
Horizontal Inflow 
HIN = T x [ — ] x dw 
dl 
Where 
T = Transmissivity 
dh = Head 
dl = Length of the cell 
dw = Width of the cell 
HIN = 4.25 MCM 
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Gross groundwater Recharge for Kairana Block 
= Recharge due to rainfall + Recharge due to Irrigation return 
(RF) + Recharge due to canal seepage + Horizontal inflow (HIN) 
= 44.55+38.024+9.65+4.25 
= 96.47 MCM 
Recoverable Recharge 
85% of the gross recharge as obtained above is taken to be recoverable 
recharge for irrigation. 
85% of gross total recharge = 82.005 MCM. 
Gross groundwater Recharge for Shamli Block 
= 38.54 + 29.433 + 27.96 + 4.25 
=100.18 MCM 
The gross groundwater recharge in the area under investigation is 
estimated as 100.18 MCM. 
Recoverable Recharge 
85% of the gross recharge as obtained above is taken to be recoverable 
recharge for irrigation. 
85% of gross total recharge =85.16 MCM 
Groundwater Draft 
The groundwater discharge in the area mainly takes place through 
pumpage by various groundwater structures, besides horizontal out flows 
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and a little percentage by Evaporation also contributes to groundwater 
discharge. The base-flow of the rivers Yamuna and the Krishni is also 
considered in the draft evaluation. Data of various groundwater 
structures present in the basin was collected from district statistical 
report. In the study area (Kairana block), there are 23 state tube wells 
3158 private tube wells and 2455 are pumping sets and 15 state 
tubewells, 3080 private tubewells,1929 pumping wells are there in 
Shamli block. 
The unit draft utilized for different groundwater structures are given 
below. 
State tubewells - 0.18 MCM 
Private tubewells - 0.02 MCM 
Pumping Set - 0.014 MCM 
The groundwater draft has been computed by multiplying the total 
number of wells by unit draft of well. The total draft by various 
structures is given below. 
Kairana Block 
(i) Draft by state tube wells 
Total number of state tubewells = 23 
Unit draft of each tubewells = 0.18 
Total draft by state tube well = 23 x 0.18 
= 4.14 MCM 
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(ii) Draft by Private tubewells 
Total number of Private tubewells = 3158 
Unit draft for each private tubewells = 0.02 
Total draft = 3158x0.02 
= 63.16 MCM 
(iii) Draft by Pumping well 
Total number of pumping well = 2455 
Unit draft for each pumping well = 0.014 
Total draft = 2455x0.014 
= 34.37 MCM 
Total draft by pumpage = 4.14+63.16+34.37 
= 101.67 MCM 
Net annual draft =71.17 (70% of the total) 
Shamli Block 
(1) Total number of state tubewells =15 
Unit draft of each tubewells = 0.18 
Total draft by state iubewells = 15 x 0.18 
= 2.7 MCM 
(2) Draft by Private tubewells 
Total number of Private tubewells = 3080 
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Unit draft for each private tubewells = 0.02 
Total draft = 3080 x 0.02 
= 61.6MCM 
(3) Draft by Pumping wells 
Total number of pumping wells = 1929 
Unit draft for each pumping wells = 0.014 
Total draft =1929x0.014 
= 27.006 MCM 
Total Draft by Pumpage 
= 2.7 +61.6 + 27.006 = 91.306 MCM 
Net Annual Draft = 63.9 MCM (70% of the total) 
Evaporation from groundwater table (EVAP): 
This component is evaluated using the relation developed by Coudrain 
et al (1998). Evaporation flux is expressed as an inverse power function 
of the piezometric depth below the soil surface, independently of the soil 
characteristics. 
(A) Kairana Block 
EVAP = 71.9(Z)-"^ 
Where Z = Water depth from soil (m) 
EVAP = 71.9(Z)-"'^  
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(B) Shamli Block 
EVAP 
71.9(12.25) 
1.71 mm 
.403 MCM 
-1.49 
71.9(Z)-''' 
71.9(11.08)-'^^ 
1.99 mm 
0.4001 MCM 
Ground water draft by Horizontal out flow component (HOUT) 
(Kairana Block) 
HOUT T X (—) X dw 
dl 
1.52 
Total draft = Draft by pumping + Horizontal outflow + EVAP 
= 71.I7+1.53+.403 
= 73.103 MCM 
Ground water draft by Horizontal out flow component (HOUT) 
(Shamli Block) 
HOUT = T X (—) X dw 
dl 
1.52(towards south) + 6.5(towards east) MCM 
37 
8.02 MCM 
Total discharge = 63.9 + .4001 + 8.02 MCM 
72.32 MCM 
Ground water Balance 
(A) Kairana Block 
I - 0 = ± A S 
82.005-73.103 = ± AS 
AS = 8.9 MCM 
(B) Shamli Block 
1 - 0 = ±AS 
85.16-72.32= ±A5 
AS =12.84 MCM 
Stage of Groundwater Development 
In order to determine the stage of ground water development in the 
Krishni-Yamuna subbasin NABRAD's norms have been taken into 
accounts which are as follows. 
Stage of ground water Development 
NetYearlyDraft 
Net Re cov erable Re ch arg e 
-x lOO 
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Kairana Block 
73 103 
= xlOO 
82.005 
= 89.14% 
Shamli Block 
72 32 
= Z±££xlOO 85.16 
= 84.9% 
In the Krishni-Yamuna subbasin 89.14% and 84.9% of 
groundwater resources for Kairana and Shamli Blocks respectively, has 
so far been developed and hence it falls under "dark" category. 
This implies that the further groundwater development should be 
executed with great care, caution and restraint. This unplanned and 
massive groundwater exploitation is creating multifarious problems, in 
the study area particularly in southern parts of the basin. The water level 
is very deep and has a declining trend. Almost all the dug well has dried. 
It is recommended that a constant watch be kept on water levels in the 
dug wells and tubewells to check the overdrafting vis-a-vis alternate 
methods of groundwater recharge should be implemented within the 
basin. 
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CHAPTER-V 
Groundwater Flow modeling 
Groundwater models are mathematical and numerical tools of 
analyzing and predicting the behaviour of aquifer system on local and regional 
scale under varying geological environment. Mathematical models provide a 
quantitative framework for analyzing data from monitoring and assessing 
quantitative responses of groundwater system subjected to external stresses 
(Mohan 2001). 
Over the last four decade there has been a continuous improvement in 
the development of numerical groundwater model. Mathematical models are 
discretized representation based on the real hydrogeological properties of the 
idealized aquifer. Model solves the Equation analytically or numerically for 
simple geometric problems involving aquifer heterogeneities, anisotropic 
aquifer properties and complicated boundary conditions. (Fetter 1999; 
Balasubramanian 2001). 
Walton (1970) presented the analytical methods of aquifer evaluation. 
This formed the basis for all the later orientations towards the numerical 
approaches. Pricket (1975) gave a comprehensive outlook on the modeling 
techniques for groundwater evaluation by properly explaining the equation of 
flow, given an over siew of the types of Analogs and Numerical models used 
prior to 1975. Groundwater models are of several categories developed for 
specific purposes. Flow and solute transport values vary in 2-3 dimensions. The 
solution strategies may adopt techniques like finite difference, finite element 
and integrated finite difference approaches. 
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In the present investigation the finite difference approaches is adopted 
which is described below. 
Finite difference Approximation 
We can replace the continuous model with a set of discrete point 
arranged in a grid pattern. This pattern more oftenly known as finite difference 
grid. The general flow equation for unsteady flow of groundwater in an 
unconfined condition in the horizontal direction 
Where Sy is the Specific yield h is head, T is transmissivity. 
The flow of water in an aquifer can be mathematically described by 
equation. This is the partial difference equation in which the head h, is 
described in terms of variables, x, y and t. They are solved by means of 
mathematical model consisting of the applicable governing flow equation, 
equation describing the hydraulic head at each of the aquifer, and equation 
describing the initial conditions of head in the aquifer. Finite difference method 
for solving partial difference equation is much-agreed subject. With the 
development of high-speed computers, finite difference method for solving 
partial difference equation can be operated to solve problems in subsurface 
hydrology. 
The basic idea of these methods is to replace derivatives at a point by 
ratios of the changes in appropriate variable over a small but finite interval. 
41 
Thus 
do _ Lt AO ^  AO 
dx Ax—;:—>Q Ax Ax 
How small Ax may be for above equation to be an acceptable 
approximation depends on the particular problem. This type of approximation 
is made at the finite number of points and reduces a continuous boundary 
problem to a set of algebraic equations. 
Construction of finite- difference approximations 
Consider a function f{x) sufficiently smooth so that the series 
developed below are sensible. Then function f may be expanded in to a Taylor 
series about x in the positive direction. 
# A x ^ ^ 
/(x + Ax)=/(x)+ Ax dx^ 2! dx'^ ^^^ 
This equation can be solved for — to give 
dx 
£^/(x±Ax)zIM^O(Ax) (3) 
dx Ax 
The term 0( Ax) represent the remaining terms of the series. The 
forward difference approximation to the derivative of f may be obtained from 
3-4 by dropping the 0 (Ax) Term and is given by 
# ^ /(x + Ax)-/(x) ^^ ^ 
dx Ax 
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In similar fashion f(x) may be expanded in to a Taylor series about x in 
the negative direction. 
/(.-A.) = /«-Axf.<f l i :£-<^^. (5) 
ax 2! dx J! ax 
Solving for — and dropping 0(Ax), the backward difference 
dx 
approximate to the derivative of f is 
# . . / W - / ( ^ - A x ) 
.(6) 
dx Ax 
The error that derives from the truncation of the Taylor series is the 
"truncation error". The truncation error in both cases is 0( A x). If Eqn (5) is 
subtracted from (2), the result is 
f(x + Ax)-fix - Ax) = 2Ax^ + 2 - ^ ^ + (7) 
dx 3! dx 
From (7) the central difference approximation can be written as 
df ^^  fix + Ax) - fix - Ax) .g. 
dx 2Ax 
When all the terms containing expression of 0(Ax)^  and higher degree 
are dropped, this approximation has the advantage of having a truncation 
error 0(Ax)^ To clarify the above ideas involved in approximating a derivative, 
it is instructive to consider the geometric mean. 
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/(:^ + A )^ 
Foiwaid diffeieice 
fix-6x) 
x-Ax X x + Ax 
Figure IS.Geometric interpretation of the forward, backward and central 
difference approximations for the derivative of the function. 
Figure 15 shows that slope at point B as given respectively by the 
forward difference (4), the back ward difference (6), and the central difference 
(8) approximations. It may be appreciated that the difference between the 
approximations decrease with A x. 
To obtain an approximation to the second derivative of (2) and (5) can be 
added 
f(x + Ax) + fix-Ax) = 2f{x) + 2 ^ ^ + 0{Ax'). 
2! dx 
The desired approximation is 
•(9) 
d'f f(x + Ax)-2f(x) + f(x-Ax) 
dx' (AxY .(10) 
With truncation error 0(Ax'') 
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Approximation to higher derivatives can be obtained in much the same 
way. Because the equations governing subsurface flow considered here in are 
of second order, only approximation, to first and second derivatives is required. 
Applying the first and second derivatives to the groundwater flow equations, 
l-^M 11 (h,+h,-2h,) ^^ (h,+h,-2h,) ^ X - h 
' xn (Ax) 2 ^^y2i i^yy 
= SX- At -) 
The above equation is solved for every grid with changed head values, 
with respect to time and space. 
hi Ln-
iVfathematical modelling; 
Study area was modeled with MARTHE software designed by the 
BRGM (Thiery, 1993a and 1993b). It is a hydrodynamic modeling code, 
MARTH stands for Modeling of Aquifers with a Rectangular mesh in 
Transient state for the Hydrodynamics calculation of hEad and flows, it is 
written in Fortran 77. The resolution method uses finite differences with, in the 
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current project, a regular rectangular grid and offers the possibility of having a 
free surface in a mesh of a layer. 
Aquifer in study area is taken as single layer. It is highly porous media 
and unconfined in nature. The study area is divided into 437 square meshes of 
1000/1000 m grid size (Fig.l). Watershed divided into five zones on the basis 
of triangulation method. The common domain of application is that of single 
layer aquifer, which it models very easily in steady and transient state. 
Numerical approaches 
The numerical approaches for solving groundwater flows are based on 
finite difference method. These numerical approaches deal with the variability 
of the flow parameters. One of the first steps in developing computer model in 
sub-divide the region in terms of cell. 
The process makes it possible to account for variable nature of 
parameters controlling the groundwater flow. Next step is to provide boundary 
conditions at node points. Numerical solutions of head are obtained through 
simulation with a flow model. The finite difference method replaces the 
governing differential equation of groundwater flow by a set of differential 
equations applicable to the system of the nodes. The differential equation 
approximates the first and second order derivatives of flow between node 
points. When each node in the grid is considered, the result in a system of 
algebraic equations can be solved with matrix method. 
Conceptualization of flow regime 
Ail available data have been analysed for conceptualization of the aquifer 
system. The following criteria have been taken into consideration for 
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construction of the flow model of the sub basin. 
• The Yamuna - Krishni sub-basin is situated on the left bank of Yamuna 
river. Grid spacing of lOOOmx 1000m has been chosen in the model. With 
total number of rows and columns 21 and 24 respectively. 
• Structural uniformity of the area permits to take large sized grid i.e. 
lOOOmx 1000m. 
• The simulated single layer aquifer extends up to the average depth of 85m 
bgl. 
• Both Yamuna and Krishni rivers are perennial and forms natural 
hydrological boundary. Both the rivers are effluent in nature i.e. they receive 
groundwater. 
• The Eastern Yamuna canal, Kairana and Badhae distributary and other 
minors contributes to the aquifer system in the form of seepage (fig. 10a). The 
Eastern Yamuna canal flows for 210 days a year while the distributaries and 
other minors flow approximately for 90 days. The block wise canal seepage is 
given in table 13a&b. 
• Some lateral out flow leaves the sub basin from the southern boundary and 
some inflow enters across northern boundary. 
• Natural recharge from monsoon rainfall forms main input to aquifer system. 
The monthly rainfall is given in table 12a&b. 
• Irrigation return flow is other major input to aquifer system Block wise 
monthly Irrigation return flow is given in table 1 la&b. 
• The Lithologs of existing deep tubewells were used to construct 
hydrogeological cross sections. 
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• The top clay layers with variable thickness of 3-15 meters exist all over the 
area. There are occurrences of alternate clay layers but these layers pinches out 
latterly. Therefore, the aquifer to the average depth of 85m. bgl was considered 
as single aquifer for the modeling. 
• The aquifer parameters like T, K, and S^ were available for five locations. 
Therefore, the area was divided in to five zones by triangulation method, for 
the application of these parameters. 
• Groundwater pumping is mainly taking place from shallow, deep tubewells 
and pumping sets. These are about 3158, 38 and 2455 respectively. The 
discharge from these structures is given in table 14a&b. 
• Evaporation also contributes to the Outflow of groundwater in the basin. 
Blockwise monthly Evaporation is given in table 15a&b. 
Details of input data 
A bucket full of input data is required for groundwater modeling with 
specified units. The area is discretized in to five different zones on the basis of 
triangulation method. At these five sites Pumping test were carried out by 
Central Ground Water Board. These zones were used to assign the hydraulic 
conductivity (K) and the transmissivity (T). The values of these parameters are 
given in table 8. 
Data required for modeling 
1. Topography Benchmarks are taken from toposheets. These data has 
been interpolated and kriged with Surfer software. 
2. Substratum Thickness Based on literature aquifer thickness is taken as 
85 meters. 
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Jun-01 
Nov-01 
Jun-02 
Nov-02 
Jun-03 
Nov-03 
231.3 
230.2 
229.4 
230 
228.8 
229.8 
224 
223.4 
222.45 
222.8 
221.75 
222.4 
232.3 
231.7 
231 
232 
231 
230.8 
Irrigation return flow 
The areas, which are under cultivation, are liable to recharge by a 
considerable quantity of irrigated water by return flow. It is dependant on the 
irrigated crops type and the pumping volume. The irrigation return flow in the 
model is assigned on monthly basis. 
Table 11a Irrigation return flow in (m^ /sec) in Kairana Block 
Year 
2000 
2001 
2002 
2003 
Jan 
0.1 
0.11 
0.112 
0.116 
Feb 
0.125 
0.12 
0.121 
0.126 
Mar 
0.11 
0.12 
0.14 
0.16 
Apr 
0.135 
0.138 
0.14 
0.143 
May 
0.12 
0.14 
0.145 
0.15 
Jun 
0.29 
0.3 
0.32 
0.35 
July 
0.34 
0.38 
0.4 
0.41 
Aug 
0.31 
0.31 
0.34 
0.36 
Sep 
0.3 
0.35 
0.31 
0.35 
Oct 
0.18 
0.17 
0.19 
0.21 
Nov 
0.123 
0.12 
0.124 
0.126 
Dec 
0.122 
0.124 
0.124 
0.126 
Table l i b The Irrigation return flow in( 
Year 
2000 
2001 
2002 
2003 
Jan 
0.178 
0.1175 
0.18 
0.183 
Feb 
0.159 
0.16 
0.162 
0.166 
Mar 
0.128 
0.135 
0.13 
0.14 
Apr 
0.13 
0.12 
0.14 
0.16 
May 
0.179 
0.189 
0.19 
0.192 
Jun 
0.265 
0.258 
0.26 
0.266 
wVsec)in 
July 
0.3 
0.31 
0.32 
0.33 
Aug 
0.34 
0.37 
0.38 
0.4 
Shamli Block 
Sep 
0.5! 
0.49 
0.5 
0.53 
Oct 
0.165 
0.168 
0.17 
Nov 
0.16 
0.159 
0.158 
0.175 1 0.166 
Dec 
0.17 
0.16 
0.14 
0.18 
Recharge due to rainfall 
Direct recharge by rainfall is one of the major inputs to this aquifer and 
the magnitude of the recharge depends upon the intensity of the rainfall over 
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the aquifer and types of the soil through which the rainwater infiltrates. For the 
recharge due to rainfall the monthly rainfall data is used. 
Table 12a Monthly rainfall in Kairana Block in mm 
Year 
2000 
2001 
2002 
2003 
Total 
499 
815 
800 
830 
Jan 
40 
25 
35 
Feb 
20 
10 
10 
15 
Mar 
5 
Apr 
30 
20 
May 
49 
35 
50 
45 
Jun 
160 
310 
270 
250 
July 
200 
260 
295 
310 
Aug 
95 
85 
105 
Sep 
35 
25 
20 
30 
Oct Nov 
15 
20 
5 
5 
Dec 
20 
15 
10 
15 
Table 12b Monthly Rainfall in Shamli Block in cm 
Year 
2000 
2001 
2002 
2003 
Total 
442 
850 
750 
810 
Jan 
20 
40 
25 
30 
Feb 
5 
10 
20 
Mar 
15 
Apr 
25 
20 
May 
100 
140 
200 
110 
Jun 
170 
290 
230 
295 
July 
90 
180 
120 
210 
Aug 
40 
90 
85 
90 
Sep 
15 
Oct 
• 
15 
Nov 
15 
10 
Dec 
12 
30 
40 
30 
Canal Seepage 
Seepage values of the Eastern Yamuna canal, Kairana and Badhae 
distributaries, and other minors are taken into account which is given in the 
table 13. Blockwise distribution of the seepage value means the total sum of the 
seepage from different distributaries and minors falling in respective blocks. 
The input value is however, given to the grids falling over the canal, 
distributaries and minors. 
Table 13a Monthly canal seepage for Kairana Block ( — ) 
Sec 
Year 
2000 
2001 
2002 
2003 
Jan 
.02 
.02 
.01 
.01 
Feb Mar 
.01 
.03 
.01 
.01 
Apr May 
.04 
.05 
.05 
.01 
Jun 
.03 
.04 
.02 
.01 
July 
.05 
.05 
.02 
.01 
Aug 
.02 
.06 
.01 
.05 
Sep 
.02 
.02 
.01 
.01 
Oct 
.10 
.09 
.08 
.10 
Nov 
.09 
.09 
.12 
.06 
Dec 
.10 
.08 
.08 
.07 
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m Table 13b Monthly canal seepage for Shamli Block ( ) 
Sec 
Year 
2000 
2001 
2002 
2003 
Jan 
.12 
.08 
.02 
.03 
Feb Mar 
.025 
.065 
.056 
.035 
Apr May 
.091 
.07 
.087 
.085 
Jun 
.085 
.07 
M 
.075 
July 
.059 
.057 
.061 
.086 
Aug 
.15 
.13 
.12 
.12 
Sep 
.1 
.06 
.06 
.086 
Oct 
.17 
.16 
.16 
.15 
Nov 
.18 
.14 
.14 
.11 
Dec 
.2 
.15 
.15 
.14 
Discharge parameters 
The major extraction-taking place in the area is for various extensive 
agricultural activities. The pumping by tubeweils remained the major source of 
discharge with in the area. The total number of state tubeweils, pumping sets, 
and shallow tubeweils are 38, 4384, and 6238 respectively. The amount of 
water taken out from the system through drafting and by some Natural 
phenomena like evaporation are the minus input software used. 
Table 14a Discharge in ( — ) in Kairana Block 
Sec 
Year 
2000 
2001 
2002 
2003 
Jan 
0.18 
0.21 
0.24 
0.28 
Feb 
0.15 
0.18 
0.2 
0.21 
Mar 
0.2 
0.21 
0.22 
0.23 
Apr 
0.14 
0.15 
0.19 
0.196 
May 
0.05 
0.08 
0.09 
0.1 
Jun 
0.1 
0.12 
0.13 
0.18 
July 
0.15 
0.19 
0.195 
0.21 
Aug 
0.15 
0.16 
0.18 
0.21 
Sep 
0.09 
0.1 
0.15 
0.13 
Oct 
0.1 
0.11 
0.12 
0.15 
Nov 
0.12 
0.15 
0.19 
0.21 
Dec 
0.14 
0.2 
0.2 
0.22 
m Table 14b Discharge in ( — ) for Shamli Block 
Sec 
Year 
2000 
2C01 
2002 
2003 
Jan 
0.14 
0.16 
0.19 
0.25 
Feb 
0.12 
0.14 
0.14 
0.16 
Mar 
0.18 
0.17 
0.21 
0.22 
Apr 
0.12 
0.14 
0.17 
0.16 
May 
0.1 
0.11 
0.13 
0.13 
Jun 
0.14 
0.16 
0.16 
0.16 
July 
0.08 
0.09 
0.15 
0.163 
Aug 
0.12 
0.14 
0.13 
0.18 
Sep 
0.09 
0.08 
0.10 
0.17 
Oct 
0.12 
0.16 
0.15 
0.17 
Nov 
0.1 
0.13 
0.15 
0.2 
Dec 
0.16 
0.2 
0.2 
0.22 
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Loss due to Evaporation in the Study area 
The area receive fairly good amount of Sunlight and therefore the 
evaporation due to it is due, which is calculated and evenly distributed the 
monthly Block wise manner which is shown in the table 15 a & b. 
Kairana Block 
Table 15a Showing evaporation in Kairana Block (mm) 
Year 
2000 
2001 
2002 
2003 
Jan 
127 
124 
121 
129 
Feb 
160 
158 
160 
163 
Mar 
224 
229 
220 
224 
Apr 
261 
265 
260 
265 
May 
295 
305 
300 
301 
Jun 
198 
205 
200 
219 
July 
230 
229 
225 
231 
Aug 
243 
246 
240 
243 
Sep 
256 
255 
246 
256 
Oct 
235 
237 
235 
239 
Nov 
198 
195 
205 
200 
Dec 
175 
184 
183 
185 
Shamli Block 
Table 15b Showing evaporation in Shamli Block (mm). 
Year 
2000 
2001 
2002 
2003 
Jan 
116 
113 
112 
116 
Feb 
145 
142 
146 
147 
Mar 
160 
158 
150 
156 
Apr 
240 
235 
239 
238 
May 
278 
275 
265 
271 
Jun 
200 
185 
195 
197 
July 
208 
202 
206 
208 
Aug 
219 
218 
215 
218 
Sep 
221 
228 
225 
230 
Oct 
200 
205 
210 
215 
Nov 
165 
145 
175 
180 
Dec 
160 
165 
158 
166 
Various inputs were fed to the aquifer model and the following figures 
are depicting the meshes of the aquifer model and the map of various aquifer 
parameters in the model. 
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Figure 16. Grid map of the study area. 
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Figure 17. Topographic values of the study area. 
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Figure 18. Separate zone for Hydraulic conductivity in the study area. 
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Figure 19. Thickness of the aquifer 
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Figure.21a.Computed and observed hydrograph at Bhoora Station 
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After having all the input values the model was run for the transient state 
and flow simulation was attempted for the period of three years starting from 
2001 to 2003. 
Hydrograph matching 
The hydrograph at Bhoora (well 1) and Shamli (Well 2) Figure 21a&b., 
indicate close matching as indicated by water level fluctuation and further 
indicate that the recharge and Withdrawals simulated in the area around these 
wells could be same order as in the field. The declining trend is also noticeable. 
The noticeable declining in the water level during the year 2001 is 
clearly depicted in both the hydrographs. The computed trend is following the 
observed pattern in general and during 2001 in particular and hence put our 
model in acceptable position. The following figure shows spatial distribution of 
head as obtained after simulations. 
Groundwater Balance 
Groundwater balance was calculated using MARTHE, simulation. The 
groundwater balance has been worked out under transient conditions for the 
year 2001 to 2003 .As shown in the table below 
Table 16 Showing Groundwater balance computed by MARTHE. 
Time Step 
Recharge (m .^y"') 
Return flow (m^.y'') 
Outlet from prescribed heads 
(m'.y-') 
Withdrawals (m^y'') 
Groundwater overflows (m .^y" 
') 
Storage variation (m"^ .y"') 
Balance deviation (%) 
1/1/2001-
31/12/200 
! 
1/1/2002-
31/12/2002 
22754 82562 
460996 
0 
-3286520 
0 
-2802770 
0.08 
449507 
0 
-2473420 
0 
-1941351 
0.04 
1 1/1/2003-
31/12/2003 
97591 
471049 
0 
-1153680 
0 
-585040 
0.06 
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For the year 2003 the Recharge and Irrigation return flows, works out to 
be 97591 m^.y''and 471049 m^y'' respectively. Major out put from the area is 
from groundwater withdrawal through wells, evaporation from water table and 
outflow from the southern part of the basin. The total withdrawal estimated 
because of these factors is 1153680 m .y'. The storage variation for the year 
2003 is -585040 m .y' . The groundwater balance results shows that the basin is 
overexploited and requires urgent attention. 
Conclusion 
Aquifer simulation model is no more than an approximation of a 
complex field situation. Improvements in approximation are always possible, 
thus much should be done considered as dynamic representation of nature, 
subject to further refinement and improvements. The present study has shown a 
preliminary simulation of the flow conditions in the study area and it provides 
on one hand the gaps where more information/data may be collected and on the 
other hand the simulated head distribution in the aquifer. 
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Chapter-VI 
HYDROCHEMISTRY 
Water is frequently referred as universal solvent, because it has the ability 
to dissolve at least some amount of all substance that comes in contact. Rainfall 
and snow melt percolating through the soil zone and unsaturated material 
chemically reacts with the gases, minerals and organic compounds that occur 
naturally within the subsurface. These reactions continue below the water table as 
the water flows through the aquifer. The result is that the characteristics and 
composition of the water evolve as it flows through the ground in response to the 
types of solids and gas phases that the solution encounters and the geochemical 
reactions that occur between these phases (Deutch, 1997). Therefore, each 
groundwater system has its own characteristic chemical signature produced as a 
result of chemical alteration of the meteoric water recharging the system (Back 
1996; Drever 1982). The chemical composition of groundwater varies within the 
wide limits (Faure 1988).However in most of the inland areas of the Indian 
subcontinents; it is the Ca-Mg-HC03 type (Bartarya 1993; Datta and Tyagi 1996; 
Bhatt and Saklani 1996). 
The study of the relatively large group of sample from a given area offers 
clues to various possible trends of chemical alteration which the meteoric water 
undergoes before acquiring distinct chemical characteristics and attaining a 
chemical steady state in the aquifer. These identified trends in turn may be related 
to natural and anthropogenic causative factors. 
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In order to assess the chemical characteristics of groundwater in Krishni-
Yamuna basin 41 samples were collected from the hand-pumps taping the shallow 
aquifers out of which 23 water samples were analysed for major elements and 18 
samples were analysed for trace elements. 
Methodology 
Sampling technique 
The samples for the major ion chemistry were collected in well cleaned 1 
litre capacity double stoppered plastic bottles during the month of May, 2004. 
Prior to sampling the bottles were rinsed with the water to be sampled. Samples 
for the trace elements analysis was immediately acidified with 10 ml 6N HN03 
Analytical procedure 
The physico-chemical characteristics of water samples were determined 
according to the standard methods (APHA, 1992) in the Geochemical laboratory 
of the Geology Department of A.M.U.Aligarh.For major element analysis 
Titrimetric method is used. Alkalis were analysed by Flame photometer 
(HALATEAD ESSAX ENGLAND). Suphate is analysed by gravimetric method. 
The Trace elements were analysed by using Atomic Absorption 
Spectrophotometer (AAS), of Perkin Elmer AAnalyst 800, version. 
Well Site Measurement 
Hydrogen Ion Activity (pH) 
The total Hydrogen ion concentration is not normally determined; instead the 
activity of the free, uncomplexed hydrogen ion is measured because of the 
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reactivity of the Hydrogen Ion. Its activity in groundwater is an especially 
important parameter. The activity of Hydrogen is measured as the pH of water, 
which is defined as 
pH = -log,o(a^//) 
a*H is the activity of the Hydrogen ion (moles/kg). pH range from 6.5 to 8.3 is 
quite safe and water remain free from corrosive action. 
The pH were measured at site and it ranges in between 7.1- 8.3, which 
shows that groundwater is slightly alkaline in nature. From the point of view of 
human consumption all the samples may be considered suitable as they are neither 
acidic nor strongly alkaline. 
Electrical Conductivity (^mhos/cm) 
Electrical Conductivity denotes the characteristic of a medium to the 
passage of Electricity, and hence provides a measure for the salinity of 
groundwater. The EC with 400 ^mhos/cm at 25° C is considered suitable for 
human consumption. 
In the study area. Electrical Conductivity values ranges between 500- 1600 
i^mhos/cm, during May 2004. The highest value was reported at village Jharkheri. 
Total Dissolved Solids 
Total Dissolved Solids have been calculated by summing all the major 
Cations and Anions (Table 20). The TDS values ranged in between 634-1362 
mg/1. The TDS values <600 mg/1 is generally considered to be good. Drinking 
water becomes significantly unpalatable at TDS value >1000 mg/1. In general 
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groundwater is fresh and fit for human consumption. The sample 1 with a highest 
TDS value may be consider as unfit for drinking purpose. 
Hardness 
Hardness results from the presence of divalent metallic cations, of which 
calcium and magnesium are the most abundant in groundwater (Todd, 1980). The 
degree of hardness in water is commonly based on the classification listed in 
Table 17. 
Table 17 Hardness Classification of water (after Sawyer and McCarty) 
Hardness mg/l(CaC03 
0-75 
75-150 
150-300 
Over 300 
Water Class 
Soft 
Moderately Hard 
Hard 
Very Hard 
Sample No. 
Nil 
9,12,14,16 
1,2,4,5,6,7,8,11,15,17,18, 
19,20,21,22,23,24&25 
13 
In general the groundwater is hard in nature as about 78% of the samples 
fall in hard category. Only one sample i.e. 13 falls in very hard category and hence 
may not be suitable for drinking purpose. 
Sodium Absorption Ratio (SAR) 
The interpretation of water quality suitable for the irrigation purposes are 
given by the Richard et al (1954) in the form of EC versus SAR values. Electrical 
Conductivity (E.C) has been treated as index of salinity hazards and sodium 
adsorption (SAR) as index of Sodium hazards. The SAR is defined as 
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SAR = Na 
Ca + Mg 
All values in meq/1 
The data has been plotted in figure 23. 
The SAR values ranges from 3-14 and therefore the possibility of Sodium 
hazard may be high in the area however high SAR i.e. >10 is reported in three 
samples only. The Figure 23 reveals that most of the water samples fall in C2S1, 
C3S1, and C3S2. Only one sample i.e. sample no. 9 falls in C3S3, except this all 
the samples fall in good to excellent class. 
Table. 18. Quality Classification of Irrigation water (after USSL, 1954). 
Water 
Excellent 
Good 
Fair 
Poor 
Salinity Hazard E.G. 
Micromhos/cm at 25°C 
250 
250-750 
750-2250 
2250 
Alkali 
SAR 
Up to 10 
10-18 
18-26 
26 
RSCin 
meq/1 
«1.25 
<1.25 
1.25-2.5 
>2.50 
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Figure.23. Showing plots of SAR values against EC values. 
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Eaton (1950) suggested that water having carbonate and bicarbonate ions 
in excess of Ca+Mg, will lead to much greater alkali formation than is indicated 
by its SAR and thereby decreasing soil permeability. The carbonate and 
bicarbonate hazards on water quality can be determined in terms of Residual 
Sodium Carbonate (RSC) which is defined by the following equation 
RSC = {CO-- + HCO;-) - {Ca^' +Mg'') 
All the concentrations are in epm. Water with RSC below 1.25 epm is good; 1.25-
2.5 epm is marginal and above 2.5 epm is not suitable for irrigation purposes 
The RSC values of water samples have been determined and the result 
obtained is given in Tablel9. Three samples i.e. sample 1, 9 and 14 have RSC 
values higher than 2.5 epm. Rest of the samples falls in the good to permissible 
class. 
Salient Feature of Major Ion Chemistry 
Major cations show a wide range of variation. Na content varies from 65-
345 mg/1, averaging 205 mg/1. However excluding some abnormal value like 345 
mg/1 of the sample 1 and 335 mg/1 of sample 9, the average concentration comes 
out to be 180 mg/I which fall below the permissible limit. 
Potassium concentration ranges fi-om 3-125 mg/1 however if exceptionally 
higher values like 53, 56 and 125mg/l of the samples 15, 11, and 12 respectively, 
be excluded, the average K concentration comes out to be 12.6 mg/1. Generally 10 
mg/1 is the desirable limit prescribed for the K in groundwater. Direct impact of K 
on human is not much studied however values > 50 mg/1 concentration of K, in the 
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presence of suspended matter cause foaming, which accelerate scale formation and 
corrosion in boilers (Todd 1980). 
In comparison to alkalis, Calcium has restricted range of concentration. It 
ranges from 10-25 mg/1, averaging to a value 16.6 mg/1 which falls well below the 
highest desirability (WHO 1993). 
Magnesium however shows a wide range of variation i.e. from 17-67 mg/1, 
averaging to a value 39 mg/1. All the values fall below the maximum permissible 
limit of ISI (1983). The Alkalis are much more abundant and possess a wide range 
of concentration compared to the Ca and Mg. In more than 70% samples Na 
values is > 150 mg/1. However Mg has comparatively low ionic concentration. The 
anionic concentration shows a wide range of concentration. Particularly for 
chloride and bicarbonates concentration. 
Chloride ranges from 20-340 mg/I, but average to a value 93 mg/1. The 
highest value i.e. 340 mg/1 is reported in the sample KY-13, of Shamli town. This 
may be due to sewage pollution and leachate percolation. The other possible 
source of CI in groundwater is from residue in soils (Karanth, 1987; Umar and 
Absar, 2003). 
Bicarbonates enjoys maximum concentration of the order of >500 mg/1. The 
HCO3 concentration is well below the permissible limits. Water containing 600 
mg/I (jf bicarbonate considered to be fairly safe for the domestic and irrigation 
purposes. 
Sulphate concentration range from 195-552 mg/1, averaging to a value 253 
mg/1. In 12 samples the concentration of Sulphate is > 250 mg/1 and therefore is 
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far beyond the desirable limit of 250 mg/1. For the Sulphate concentration the 
source must be insitu, as the sulphide content of atmospheric precipitation is only 
about 2 mg/1. Chemical reduction of oxidized sulphur ions to sulphide or to the 
sulphide state occurs frequently in groundwater (Todd 1980; Subba Rao 2001). 
Relative Abundances of Major Ion 
In order to evaluate the relative abundances of major cations and anions 
various x-y plots have been prepared. 
Figure 24 shows the overwhelming abundance of Na+K as compared to 
Ca+Mg except sample 5 and 7 which plots on 1:1 line. 
Based on the relative abundance of the major anions HCO3 and CI (Fig.25) 
groundwater of the area appears to be of three types. Two samples i.e. 4 and 23 
plot close to the HC03=C1 line. Samples 13 and 20 depicts the abundance of CI 
over HCO3 (C1»HC03). The remaining samples have overwhelming abundance 
of HCO3 (HC03»C1). Relative abundance of CI and SO4 are shown in Figure 26. 
Except for two samples 11 and 13 in which CI concentration is greater than SO4. 
The other samples plot above 1:1 line which shows that SO4 is far more abundant 
than CI (S04»C1). 
To assess bonding affinity of Na+K and CI their equivalent concentration 
has been plotted against one another (Fig.27). It is evident that all the samples plot 
above the equal concentration (1:1) line. As CI prefer to form compound with 
alkalis rather than Ca and Mg. It may be inferred by the CI depletion that CI may 
have been consumed in the formation of alkali chlorides. This further implies that 
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alkali concentration specially Na is much higher and remained after combining 
with CI would be available in plenty to get associated with HCO3 andS04. 
The natural bonding affinity between Ca+Mg and HCO3 is evaluated in 
figure 28. Six samples plot above the equal concentration line. This implies that 
even after forming aqueous species, such as Ca-HCOs and Mg-HCOs, there is 
surplus Ca and Mg which could have affinity for relatively abundant SO4 ion. This 
ionic aqueous species such as CaS04 and MgS04 may be expected in most of the 
groundwater samples from the area of study. Figure 29 showing HCO3-CI+SO4 
plot can be studied separately by making three groups out of it. The relative 
abundance of HCO3 and CI+SO4 is given in the table 22. 
Table.22. Relative abundance of HCO3 and CI+SO4 
Groups 
I 
II 
III 
Character 
HC03>C1+S04 
C1+S04>HC03 
CI+S04»HC03 
Samples 
2,8,12,14,15&16 
4,5,6,7,9,11,17,19&23 
13,18,20,21,22&25 
Chemical Classification of Groundwater 
The classification of the groundwater of the Krishni-Yamuna basin has been 
attempted on L-L diagram (Fig.30) given by Langelier and Ludwig (1942). None 
of the samples fall in the region to be called typical Ca-Mg-HCOs type local 
meteoric water (LMW). The diversity in the nature of the groundwater of the area 
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has been classified in to four groups. Each Group shows distinct chemical 
characteristics. 
Table. 23. Chemical Classification of Groundwater 
Group 
I 
II 
III 
4 
Cations 
Na+K>Ca+Mg 
Na+K=^Ca+Mg 
Na+K»Ca+Mg 
Na+K>Ca+Mg 
Anions 
HC03>C1+S04 
HC03~CI+S04 
CI+S04>HC03 
C1+S04»HC03 
Samples 
1,14,15,16 
2,4,6,7,8,11,12,17,19,23,24 
9,18,21,25 
5,13,20,22 
Group I samples are identified by the abundance of bicarbonate species of 
Na and Ca+Mg, which together constitute 60% of the TDS. Group II samples 
present mixed characters in containing bicarbonates, chlorides and sulphates of 
Ca+Mg and Alkalis. Group III samples have high concentration of alkalis which 
constitute up to 60% of TDS value. The groups IV have high concentration of 
alkali and CI+SO4 which constitute up to 58% of the TDS values. 
Trace elements 
If the concentration of certain elements in water is less than 0.1 mg/1 then it 
will be called as trace elements (Davis and Dewiest 1966). Many of these trace 
elements are also known as heavy metals. Some metals present in trace 
concentration are important for physiological function of living tissue and regulate 
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many biochemical processes. The same metal however, at increased concentration 
may have several toxicological effects on human beings. (Chapman, 1992) 
The most significant and natural source of heavy metals is weathering of 
rocks from which the related metals finds there way in to water body. 
Anthropogenic activities are also responsible for higher concentration of heavy 
metals in groundwater. 
The concentration of trace elements like Fe, Cu, Zn, Mn, Ni, and Co were 
analysed in 18 samples to check their level in the groundwater of study area. The 
concentrations of these elements are given in Table 21.The concentration ranged 
between 0.002-0.022, 0.0003-0.0009, 0.006-0.305, 0.009-1.32, 0.009-1.32, and 
0.057-0.361 mg/1 respectively. The concentration of Cu, Zn, Ni, and Co is well 
with in the recommended permissible limit of WHO (1992). However the 
concentration of Fe and Mn are higher than desirable limit of these elements of 0.3 
and 0.05 mg/1 (ISI 1992). Iron values range in between 0.009-1.32 mg/1. In six 
samples Fe exceeds the desirable limit and in sample 5T, even it exceeds the 
maximum permissible limit. Manganese values show a range of 0.0567-0.361 
mg/1. All the samples have higher values than the recommended desirable limit. 
All the recommended limits specified for minors and trace elements in 
drinking water, may have been established for reasons other than direct hazard to 
human health. Fe and Mn are both essential to human body. Their intake through 
drinking water is normally an insignificant part of the body requirement (Freeze 
and Cherry, 1979). 
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Discussion 
Alkalis concentration is overwhelmingly dominating the rest of the ionic 
species. Magnesium however shows a wide range of variation. 
The bicarbonate concentration in the area is fairly high, especially for the 
sample No. 1, 9, and 14. The high concentration may be due to CO2 concentration 
with in the soil, and hence not due to aquifer characteristics. High Chloride 
concentration at Shamli town may be because of the pollution by sewage waste 
and leaching of saline residue in the soil. 
High Sulphate at places has insitu origin in the form of chemical reduction 
of oxidized sulphur ions to Sulphate ions or to the sulphide state occurs frequently 
in the Groundwaters. This situation is not likely to takes place in the present area 
of study. 
Perusal of L-L diagram show demarcation between group I and group II. 
However two groups are identical and practically indistinguishable in terms of 
ionic species. Both the group likely to have species such as NaHC03, NaCl, 
Na2S04, KCl, Ca (HC03)2 and CaS04. Based on the comparative chemical 
species, it may be stated that for both the group I and II, groundwater have 
originated their major ion composition under similar conditions. 
Group III water will have alkali with Cl-t-S04 enrichment. In terms of ionic 
species, alkali chloride and Sulphate enjoys their domination over the bicarbonate 
facies. Group IV samples the inability of HCO3 ion to complete Ca+Mg-HCOs 
facies, generate the possibility that the surplus Ca is likely to combine with SO4, 
resulting the presence of CaS04. The occurrences of various groups have striking 
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field relations. Perusal of the figure 31 shows that group II is the dominant group 
type and covers maximum area. It is distributed along the Yamuna and Krishni 
rivers. Central part of the area which is also the zone of deepest depth to water is 
represented by group III. Group IV occurs with in the group II which may be the 
out come of mixing of waters. 
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Figure.31. Map showing various chemical groups in the area. 
Chapter-VII 
Summary and Conclusion 
• The study area is a part of Krishni-Yamuna basin, which itself is part of 
much larger Ganga-Yamuna basin, a distinct physiographic unit of India. 
• Yamuna and its tributaries like Krishni and Katha rivers helped in 
carving out the present shape of the basin. 
• Physiographically, the area exhibits a gentle slope due south and 
southwest. The central part of the basin is somewhat like plateau. 
• The area, on an average receives an annual rainfall of 735 mm. In 
general the intensity of rainfall decreases from east to west. The 
rainfall remains the major input for the groundwater recharge in the 
area. 
• Geologically, the area is characterized by a thick piles of Quaternary 
alluvium (>1000 m) which rest unconformably over a basement 
comparising quartzite of Delhi Super Group. 
• Four distinct groups of the aquifer have been identified to the depth 
of 450 m bgl. The topmost aquifer has coarser grains whereas the 
second aquifer has frequent occurrence of clay lenses and Kankar. 
The third and the fourth aquifer get merged at some places. Only the 
topmost (Group I) aquifer system has been studied in details in the 
present work. 
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decline is 0.26 m/year for Shamli and 0.47 m/year for Bhoora 
hydograph station. 
• The pumping test analysis results reveal that the transmissivity 
values determined at various site range between 1265-3190 m 
/day. 
• Based on Logan's approximation, Isopermeability was calculated 
for the entire area. Permeability range of 30-40 m/day covers the 
bulk of the study area. 
• In order to meet effective planning and systematic exploitation of 
groundwater resources, assessment of groundwater reserves was 
also attempted, considering all possible Inflow and Outflow 
components. 
• Assessment studies reveal that Net groundwater recharge in the 
Krishni-Yamuna basin is 167.17 M.C.M. The Net draft is 135.07 
M.C.M., leaving 32.1 M.C.M. as the utilizable groundwater 
resources for the future development. 
• Following the ARDC Norms, the stage of groundwater 
development in the Krishni-Yamuna was estimated which shows 
that 86.5 % development has taken place and accordingly basin 
falls under the "dark" category. 
• Groundwater flow modeling was carried out in the present study 
using Software MARTHE, version 4.3, produced by brgm, France 
with a view to evaluate the resource potential of the study area. 
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• Groundwater balance has been worked out under transient conditions 
for three years i.e. from 2001 to 2003. 
• Recharge and Irrigation return flows, works out to be 97591 m .y" 
and 471049 mly ' , 82562 mly"' and 449507 m^y'', 22754 m\y ' 
and 460996 mS.y"' for the years 2003, 2002, and 2001 respectively. 
• Total withdrawal estimated is 1153680mly"', 2473420 mly'' and 
3286520 mly"' for the year 2003, 2002, and 2001 respectively. 
• The storage variation comes out to be -585040 m^y"', -1941351m"'.y' 
' and -2802770 mly"' for the years 2003, 2002 and 2001 
respectively. 
• Numerical approach to the subject confirms the existing field 
reality by producing computed hydrographs for two hydrograph 
stations at Kairana and Shamli. There exists a striking similarity 
between the computed and observed hydrographs confirming 
declining trend. 
• In order to assess the chemical characteristics of groundwater in 
Krishni-Yamuna basin 41 samples were collected from the hand-
pumps taping the shallow aquifers out of which 23 water samples 
were analysed for major ions and 18 samples were analysed for trace 
elements. 
• The TDS values ranged in between 634-1362 mg/1 and have 
anomalously high SO4 as their characteristic feature. 
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• The groundwater in the basin belongs to Na+K type facies of 
cation group and bicarbonate facies of anionic group. 
• The most abundant anion is HCO3 followed by SO4 and CI. 
• On HCO3- CI+SO4 plot three groups of samples are identified out of 
which two have CI+SO4 > HCO3. 
• A chemical classification of groundwater is attempted on L-L 
diagram identifies four groups characterized by distinct chemical 
compositions. These different groups are also identifiable on a map 
due to their geographical aliributes. 
• Out of the four groups, the IV"^  group seems to be the product of 
mixing of two or more member of chemically distinct waters. 
• Trace elements studies have been carried out on 18 samples. Iron and 
Mn values are higher than the maximum permissible values for 
atleast 4 samples. 
• In general, with few exceptions, the Quality of groundwater is good 
for human consumption and irrigation uses. 
The Present rate of exploitation is alarming. Moreover in 
coming years because of rising population, expanding agriculture and 
escalating industrialization, the situation may turn furious, resulting 
scarcity of this precious commodity. It is therefore necessary to 
continue monitoring of water level as well as re-appraisal of 
groundwater resources, for proper understanding of groundwater 
behavior as well as the pace of groundwater development in the area. 
86 
So far only the first aquifer is tapped by farmers and state tube 
well department. This has caused the overexploitation of the first 
aquifer, which is very well evident by Groundwater balance and Flow 
modelling results. Therefore the future development of this aquifer 
should be executed with great care, caution and restrain. 
In the years to come, because of heavy withdrawal of 
groundwater, the situation will turn worse than it is now. Therefore 
the application of artificial recharge to augment the reservoir 
potential of the continuously falling water level in the area is urgently 
desirable. It is necessary, therefore, to continue monitoring of the 
groundwater behaviour vis-a-vis the pace of development of 
groundwater in the area and continue searching various alternatives 
for scientifically planned water management programme. 
It is recommended that the second, third and fourth aquifer groups 
should be exploited to meet future demand. 
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APPENDIX-I(A) 
Annual rainfall in mm at Kairana Rainguage Station, 
Muzaffarnagar District 
S.N 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
Year 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
Rainfall 
863.9 
655.5 
577 
1064.8 
508.6 
588.9 
523.2 
322.6 
1042.5 
660.9 
1220.3 
539.4 
607.8 
688 
480.5 
891.8 
997.1 
569.4 
990.2 
435 
499.4 
585.9 
592.3 
757.5 
550.4 
Appendix I (B) 
Annual Rainfall in mm at Shamli Rainguage station, Muzaffarnagar 
District 
S.N 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
Year 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
Rainfall 
925.5 
1099.2 
980 
985 
1390 
422 
442 
545 
578 
655 
580 
Appendix II (A) 
Statistical Analysis of rainfall data, Kairana Rainguage Station District 
Muzaffarnagar 
S.N 
1 
2 
3 
4 
5 
6 
L_ 7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
Year 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
Rainfall 
mm 
863.9 
655.5 
577 
1064.8 
508.6 
588.9 
523.2 
322.6 
1042.5 
660.9 
1220.3 
539.4 
607.8 
688 
480.5 
891.8 
997.1 
569.4 
990.2 
435 
499.4 
585.9 
592.3 
757.5 
550.4 
Departure 
0.254757 
-0.04793 
-0.16195 
0.54655 
-0.26129 
-0.14466 
-0.24009 
-0.53145 
0.514161 
-0.04009 
0.772404 
-0.21656 
-0.11721 
-0.00073 
-0.30211 
0.29528 
0.448221 
-0.17298 
0.438199 
-0.36819 
-0.27466 
-0.14902 
-0.13972 
0.100218 
-0.20058 
Cummulative 
Departure 
0.25476 
0.20683 
0.044883 
0.591434 
0.330141 
0.185479 
-0.05461 
-0.58605 
-0.07189 
-0.11198 
0.660424 
0.443867 
0,326655 
0.325929 
0.023823 
0.319103 
0.767324 
0.594339 
1.032538 
0.664346 
0.389691 
0.240671 
0.100947 
0.201165 
0.000584 
[x-x] 
175.4 
-33 
-111.5 
376.3 
-179.9 
-99.6 
-165.3 
-365.9 
354 
-27.6 
531.8 
-149.1 
-80.7 
-0.5 
-208 
203.3 
308.6 
-119.1 
301.7 
-253.5 
-189.1 
-102.6 
-96.2 
69 
-138.1 
[x-l) 
30765.16 
1089 
12432.25 
141601.7 
32364.01 
9920.16 
27324.09 
133882.8 
125316 
761.76 
282811.2 
22230.81 
6512.49 
0.25 
43264 
41330.89 
95233.96 
14184.81 
91022.89 
64262.25 
35758.81 
10526.76 
9254.44 
4761 
19071.61 
Total =17212.9 
Average {x) = 688.5 
Standard deviation = ^ ^ /N = 228.74 
Where Y. = Total of (x - j ) " 
N = No. of Years 
Coefficient of variation = Std.deviation x 100 
Avg. rainfall 
= 33.22 % 
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Appendix II (B) 
Statistical Analysis of rainfall data, Shamli Rainguage Station District 
Muzaffarnagar 
S.N 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
Year 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
Rainfall 
mm 
{X) 
925.5 
1099.2 
980 
985 
1390 
422 
442 
545 
578 
655 
580 
Departure 
0.18350 
0.40563 
0.25320 
0.25959 
0,77749 
-0.46036 
-0.43478 
-0.30307 
-0.26087 
-0.16240 
-0.25831 ! 
Cummuiative 
Departure 
-0.99977 
-0.59414 
-0.34094 
-0.08135 
0.69614 
0.23578 
-0.19900 
-0.50207 
-0.76294 
-0.92534 
-1.18365 
{x-x) 
143.5 
317.2 
198 
203 
608 
-360 
-340 
-237 
-204 
-127 
-202 
{x-xj 
20592.25 
100615.8 
39204 
41209 
369664 
129600 
115600 
56169 
41616 
16129 
40804 
Total = 8601.7 
Average {x) = 782 
Standard deviation = ^ ^ /N =311.6 
Where J ] = Total of (x - x)" 
N = No. of Years 
Coefficient of variation = Std.deviation x 100 
Avg. rainfall 
= 39.84% 
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Appendix III 
Lithological Logs of Boreholes drilled by the state Tubewell Department, 
Krishni-yamuna basin, Muzaffarnagar District. 
S.No. Lithology 
LOCATION: TAPRANA 
TUBEWELL NO . 23 KG 
L 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
IL 
12. 
13. 
14. 
Surface clay 
Fine medium sand 
Clay 
Coarse sand 
Clay and Kankar 
Fine medium sand 
Clay 
Fine sand and sandstone 
Fine medium Sand 
Clay 
Fine sand 
Clay and Kankar 
Fine medium sand 
Clay and Kankar 
Depth 
0-12 
12-24 
24-30 
30-33.9 
33.9-48 
48-58.8 
58.8-63 
63-72 
72-87 
87-96 
96-99 
99-102 
102-112.5 
112.5-117 
Thickness 
12 
12 
6 
3.9 
14 
10.8 
4.2 
9 
15 
9 
3 
3 
10.5 
4.5 
S.No Lithology 
LOCATION: PAUTI KALAN 
TUBEWELLN0.48KG 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
Surface Clay 
Medium Sand 
Clay 
Fine medium sand 
Clay 
Medium sand with pebbles 
Clay 
Very fine sand and Sandstone 
Clay 
Medium sand with sandstone 
Clay and Kankar 
LOCATION: JAGANPUR 
TUBEWELLNO. 12 KG 
1. 
2. 
3. 
4. 
CLAY 
Clay and Bajri 
Fine sand 
Clay 
Depth 
0-3 
3-12 
12-15 
15-21 
21-27 
27-51 
51-57 
57-60 
60-63 
63-81 
81-85.2 
0-5.4 
5.4-11.10 
11.10-21.6 
21.6-23.7 
Thickness 
3 
9 
3 
6 
6 
24 
6 
3 
3 
18 
4.2 
5.4 
5.7 
10.5 
2.1 
VI 
S.No. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
Lithology 
Medium Sand 
Fine to coarse sand & Pebble 
Hard clay and Kankar 
Medium sand 
Label 
Clay 
Fine sand 
LOCATION: DABHERI KHURD 
TUBEWELLN0.41KG 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
Surface Clay 
Medium sand with Kankar 
Fine sand with Kankar 
Clay and Kankar 
Hard Clay 
Medium sand with sandstone 
Clay and Kankar 
Fine medium sand 
Hard clay and Kankar 
Fine sand 
Clay and Hard Kankar 
Medium Sand 
Medium sand with sandstone 
Clay and Kankar 
Depth 
23.7-36.0 
36.0-53.7 
53.7-61.2 
61.2-67.5 
67.5-73.2 
73.2-74.7 
74.7-83.4 
0-3 
3-12 
12-18 
18-24 
24-36 
36-39 
39-42 
42-48 
48-51 
51-55.5 
55.5-60 
60-88 
88-96 
96-100.5 
Thickness 
12.3 
17.7 
7.5 
6.3 
6 
1.5 
8.7 
3 
9 
6 
6 
12 
3 
3 
6 
3 
4.5 
4.5 
28 
16 
4.5 
Vll 
S.No. Lithology 
LOCATION: SAIPAT 
TUBEWELL NO. 97KG 
1. Surface Sand 
2. Clay 
3. Medium Sand 
4. Clay and Kankar 
5. Medium sand with Sandstone 
6. Clay 
LOCATION: BHOORA 
TUBEWELL NO. 69 
1. Surface Clay 
2. Fine brownish sand 
3. Medium sand 
4. Clay 
5. Medium sand. Indurated 
6. Medium sand 
7. Medium sand, Indurated 
8. Clay 
Depth 
0-3 
3-15 
15-24 
24-36 
36-81 
81-85.2 
0-3.05 
3.05-9.14 
9.14-30.48 
30.48-33.53 
33.53-39.62 
39.62-70.10 
70.10-76.10 
76.10-86.56 
Thickness 
3 
12 
9 
12 
45 
4.2 
3.05 
6.09 
21.34 
3.05 
6.09 
30.48 
6.71 
9.75 
VUl 
S.No. Lithology Depth Thickness 
LOCATION: ISAPUR KHURGYAN 
TUBEWELL NO. 40 KG 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
Surface Soil 
Medium sand, Kankar «fe Gravel 
Hard clay and Kankar 
Medium sand and Kankar 
Hard clay and Kankar 
Medium Sand 
Clay and Kankar 
Medium sand and sandstone 
Clay 
Medium sand and Kankar 
Clay Kankar and sandstone 
0-3 
3-15 
15-37.8 
37.8-48.6 
48.6-57 
57-78 
78-81 
81-84 
84-88.5 
88.5-97.5 
97.5-100.5 
3 
12 
22.8 
10.8 
8.4 
21 
3 
3 
4.5 
9 
3 
LOCATION: MAWI 
TUBEWELL NO. 64 KG 
1. 
2. 
3. 
4. 
Surface clay 
Medium Sand 
Clay and Kankar 
Medium sand 
0-3 
3-12 
12-18 
18-30 
3 
9 
6 
12 
IX 
S.No. Lithology 
5. Clay and Kankar 
6. Medium Sand 
7. Clay and Kankar 
LOCATION: TITARWARA 
TUBEWELLNO. 93KG 
1. Surface Sand 
2. Clay and Kankar 
3. Medium sand 
4. Medium sand with sandstone 
5. Medium sand 
6. Clay and Kankar 
Depth 
30-33 
33-72.6 
81-85.2 
0-12 
12-18 
18-39 
39-69 
69-81 
81-85.2 
Thickness 
3 
39.6 
9.6 
12 
6 
21 
30 
12 
4.2 
LOCATION: MANGALPUR 
TUBEWELL NO. 43 KG 
1. Surface Clay 
2. Medium sand & Gravel 
3. Fine Sand 
4. Hard Clay & Kankar 
0-3 
3-12 
12-18 
18-33 
3 
9 
6 
15 
S.No. 
5. 
6. 
7. 
8. 
9. 
10. 
Lithology 
Medium sand 
Clay 
Medium sand with sandstone 
Hard Clay and Kankar 
Medium sand 
Clay and Kankar 
LOCATION: BHOORA 
TUBEWELL NO. 3 KG 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
Surface Clay 
Fine to medium sand 
Clay with Kankar 
Fine-coarse sand with sandstone 
Fine to med. Sand with gravel 
and pebbles 
Clay and Kankar 
Medium sand 
Clay and Kankar 
Fine sand with Kankar 
Clay with Kankar 
Medium sand with sandstone 
Caving Clay with Kankar 
Depth 
33-40.2 
40.2-42 
42-49.5 
49.5-58.5 
58.5-82.5 
82.5-88.20 
0-3 
3-17.5 
17.5-27 
27-40.9 
40.9-58.6 
58.6-64.3 
64.3-68.5 
68.5-73.6 
73.6-83.5 
83.5-86.5 
86.5-91.3 
91.3-102.1 
Thickness 
7.2 
1.8 
7.5 
9 
24 
1.2 
3 
14.5 
9.5 
13.5 
17.7 
5.7 
4.2 
5.1 
10 
3 
4.8 
10.8 
XI 
S.No. Lithology 
LOCATION: BANAT 
TUBEWELL NO. 67 NL 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
Surface Clay 
Fine sand with Kankar 
Clay with Kankar 
Fine sand 
Clay with Kankar 
Medium sand 
Clay and Kankar 
Very fine sand 
Hard Clay 
Kankar 
Medium sand with pebbles 
Clay and Kankar 
Fine to medium sand 
Clay and Kankar 
LOCATION: JALALPUR 
TUBEWELL NO. 37 A NL 
1. 
2. 
Clay and Kankar 
Fine sand 
Depth 
0-4.8 
4.8-10.5 
10.5-15.0 
15-21 
21-33 
33-43.8 
43.8-52.5 
52.5-55.5 
55.5-61.5 
61.5-63 
63-72 
72-77.4 
77.4-88.2 
88.2-93 
0-6.6 
6.6-15.9 
Thickness 
4.8 
5.7 
4.5 
6 
12 
10.8 
8.7 
3 
6 
1.5 
9 
5.4 
10.8 
4.8 
6.6 
9.3 
XII 
S.No 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
Lithology 
Hard Clay disintegers 
Fine sand and Clay 
Clay and Kankar disintegers 
Fine sand and Kankar 
Fine and medium sand 
Medium sand and sandstone 
Soft clay disintegers 
Fine sand 
Clay disintegrates 
LOCATION: SALPA 
TUBEWELL NO. 79 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
Surface Clay 
Clay and Kankar 
Fine sand 
Clay and Kankar 
Medium sand and Kankar 
Medium sand and pebbles 
Clay and Kankar 
Fine sand with stone 
Sand clay with Kankar 
Medium sand with pebbles 
Medium sand 
Clay and Kankar 
Depth 
15.9-22.5 
22.5-23.5 
23.5-46.5 
46.5-55.5 
55.5-64.5 
64.5-76.8 
76.8-81.0 
81-87 
87-90 
0-3 
3-18 
18-24 
24-30 
30-39 
39-45 
45-48 
48-54 
54-60 
60-69 
69-87 
87-88.2 
Thickness 
6.6 
1 
23 
9 
9 
12.3 
4.2 
6 
3 
3 
15 
6 
6 
9 
6 
3 
6 
6 
9 
18 
1.2 
Kill 
S.No. Lithology Depth Thickness 
LOCATION: BUCHHAKHERI 
TUBEWELL NO. 26 
1. Fine sand 
2. Medium sand 
3. Fine sand 
4. Clay and Kankar 
5. Fine sand 
6. Coarse Sand 
7. Fine sand 
8. Clay and Kankar 
9. Fine sand 
10. Fine sand with kankar 
11. Fine sand with Indurated sand 
12. Fine to med. Sand with indura 
13. Clay and Kankar 
14. Fine to medium sand 
15. Clay 
16. Fine sand 
17. Clay 
18. Fine sand 
19. Clay and Kankar 
20. Clay 
0-9.14 
9.14-12.19 
12.19-15.24 
15.24-24.38 
24.38-27.43 
27.43-33.53 
33.53-36.58 
36.58-39.62 
39.62-48.77 
48.77-51.82 
51.82-57.82 
57.92-62.48 
62.48-64.01 
64.01-72.54 
72.54-78.64 
78.64-82.30 
82.30-85.34 
85.34-94.49 
94.49-123.44 
123.44-137.16 
9.14 
3.05 
3.05 
9.14 
3.05 
6.10 
3.05 
3.04 
9.15 
3.05 
6.10 
4.55 
1.53 
8.53 
6.10 
3.66 
3.04 
9.15 
28.95 
13.72 
XIV 
S.No Lithology 
LOCATION:SHAMLI 
TUBEWELLNO. 01 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
Surface clay 
Fine to medium sand 
Fine sand with Indurated sand 
Coarse sand 
Medium sand 
Medium sand with indurated sand 
Medium sand with Kankar 
Medium sand 
Medium sand with kankar 
Clay 
Fine sand 
Sandy clay 
LOCATION: MANDAWAR 
TUBEWELLNO. 57 
1. 
2. 
Surface clay 
Sand brownish medium 
Depth 
0-6.1 
6.1-24.4 
24.5-30.5 
30.5-36.6 
36.6-48.8 
48.8-54.9 
54.9-67.10 
67.10-79.3 
79.3-85.4 
85.4-91.5 
91.5-115.9 
115.9-122 
0-3.05 
3.05-6.10 
Thickness 
6.1 
18.3 
6.1 
6.1 
12.2 
6.1 
12.2 
12.2 
6.1 
6.1 
24.4 
6.1 
3.05 
3.05 
XV 
S.No. Lithology Depth Thickness 
3. Medium sand 6.10-9.14 3.04 
4. Medium sand with pebbles 9.14-12.19 3.05 
5. Medium sand 12.19-27.43 15.24 
6. Clay sand with Kankar 27.43-30.48 3.05 
7. Hard clay 30.48-36.58 6.10 
8. Medium sand 36.58-45.72 9.14 
9. Medium sand with Indurated sand 45.72-48.77 3.05 
10. Hard clay and Kankar 48.77-54.86 6.09 
11. Clay 54.86-57.91 3.05 
12. Medium sand 57.91-82.30 24.39 
13. Clay 82.30-85.34 3.04 
14. Finesand 85.34-88.39 3.05 
15. Clay 88.39-98.76 10.37 
LOCATION: MUHAMMADPUR RAIN 
TUBEWELL NO. 08 
1. Hard Clay 0 - 3.6 3.6 
2. Medium sand with pebbles 3.6-18.29 14.6 
3. Fine to medium sand with Kankar 18.29-23.47 5.2 
4. Clay 23.47-27.43 3.96 
5. Medium sand with pebbles 27.43-30.48 3.05 
6. Coarse sand with pebbles 30.48-36.58 6.1 
XVI 
S.No. Lithology Depth Thickness 
7. 
8. 
9. 
10. 
11. 
Fine sand 
Hard clay and Kankar 
Fine sand with Kankar 
Fine sand 
Hard clay 
36.58-49.07 
49.07-56.38 
56.38-73.76 
73.76-78.64 
78.64-80.47 
12.5 
7.31 
17.38 
4.88 
1.83 
LOCATION: SHIMBHALKA 
TUBEWELL NO. 87 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
Sandy Clay 
Fine sand 
Clay 
Fine to medium sand 
0-7.5 
7.5-14.4 
14.4-21.3 
21.3-34.8 
Medium sand with sandstone 34.8-55.5 
Medium sand 55.5-62.4 
Medium sand with sandstone 62.4-76.2 
Medium sand 76.2-89.7 
Sandy Clay 89.7-102.7 
7.5 
6.9 
6.9 
13.5 
20.70 
6.9 
13.80 
13.50 
12.50 
XVI1 
S.No. Lithology 
LOCATION: KAIRANA 
TUBEWELL NO. 39 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
Surface Clay 
Medium sand 
Fine to med. Sand with Kankar 
Clay 
Medium sand 
Clay 
Fine sand 
Clay 
Fine to medium sand 
Clay 
Medium sand 
Clay and Kankar 
Fine to medium sand 
Clay and Kankar 
Fine to medium sand 
Clay and Kankar 
Fine to medium sand 
Clay and Kankar 
Depth 
0-2.1 
2.1-9 
9-18 
18-21 
21-30 
30-33 
33-36 
36-39 
39-48 
48-51 
51-60 
60-63 
63-73.2 
73.2-79.5 
79.5-84.6 
84.6-87.6 
87.6-100.5 
100.5-106.2 
Thickness 
2.1 
6.9 
9 
3 
9 
3 
3 
3 
9 
3 
9 
3 
10.2 
6.3 
5.1 
3 
12.9 
5.7 
XVI11 
S.No. Lithology Depth Thickness 
LOCATION: KASERWA 
TUBEWELLN0.13 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
Clay 
Fine sand 
Clay 
Fine to medium sand 
Clay 
Fine sand 
Clay 
Medium sand and sandstone 
Med to coarse sand with Bajri 
Fine to medium sand 
Clay 
0-11.4 
11.4-15.0 
15-16.5 
16.5-26.5 
26.5-30.0 
30-36 
36-45 
45-57 
57-61.8 
61.8-71.4 
71.4-75.0 
11.4 
3.6 
1.5 
9.9 
3.6 
6 
9 
12 
4.8 
9.6 
3.6 
LOCATION: PANJITH 
TUBEWELL NO. 10 
1. Hard Clay 0-22.5 
2. Medium sand and Kankar 22.5-33.6 
3. Clay sandstone and Kankar 33.6-36.9 
4. Fine sand and Clay 36.9-43.8 
5. Medium sand and Kankar 43.8-46.8 
22.5 
11.10 
3.3 
6.9 
3 
XIX 
S.No. 
6. 
7. 
8. 
9. 
10. 
11. 
Lithology 
Clay sand and Kankar 
Hard Clay 
Medium sand and Clay 
Hard Clay 
Depth 
46.8-54 
54-59.4 
59.4-68.4 
68.4-78 
Medium sand and Kankar 78-81 
Hard sticky clay 
LOCATION: SHAMLI 
TUBEWELLN0.36 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
Yellow Clay 
Medium sand 
Hard clay and Kankar 
Fine to medium sand 
Hard clay and Kankar 
Medium sand and sandstone 
Hard clay and Kankar 
Coarse sand and sandstone 
Hard clay and Kankar 
Medium sand and sandstone 
Clay 
81-84 
0-3 
3-11.1 
11.1-22.5 
22.5-25.5 
25.5-46.5 
46.5-52.5 
52.5-57.9 
57.9-63.9 
63.9-77.4 
77.4-98.4 
98.4-101.7 
Thickness 
7.2 
5.4 
9 
9.6 
3 
3 
3 
8.1 
11.4 
3 
21 
6 
5.4 
6 
13.5 
21 
3.3 
XX 
S.No Lithology 
LOCATION: GANDREO 
TUBE WELL NO. 82 
L 
2. 
3. 
4. 
5. 
6. 
Surface sand 
Medium sand 
Clay and kankar 
Medium sand 
Medium sand 
Clay and Kankar 
LOCATION: BARLA 
TUBEWELL N0.28 
L 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
Surface Clay 
Brown Medium sand 
Medium sand 
Clay 
Medium sand with sandstone 
Good medium sand 
Medium sand with sandstone 
Good medium sand 
Clay 
Sandy clay 
Depth 
0-3 
3-21 
21-27 
27-54 
54-84 
84-88.5 
0-3 
3-12 
12-21 
21-24 
24-33 
33-51 
51-60 
60-70.5 
70.5-75.0 
75.0-80.7 
Thickness 
3 
18 
6 
27 
30 
4.5 
3 
9 
9 
3 
3 
18 
9 
10.5 
4.5 
5.7 
XXI 
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APPENDIX- V 
Water level data of permanent hydrograph stations at different hydrograph 
station 
S.N 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 1 
Station Kairana 
Year 
Jun-91 
Nov-91 
Jun-92 
Nov-92 
Jun-93 
Nov-93 
Jun-94 
Nov-94 
Jun-95 
Nov-95 
Jun-96 
Nov-96 
Jun-97 
Nov-97 
Jun-98 
Nov-98 
Jun-99 
Nov-99 
Jun-00 
Nov-00 
Jun-01 
1-Nov 
Jun-02 
Nov-02 
Jun-03 
Nov-03 
Jun-04 
Nov-04 
Water 
level 
13.05 
11.88 
12.99 
11.59 
11.64 
11.29 
12.09 
10.62 
11.67 
9.5 
11.07 
11.38 
12.33 
12.22 
12.57 
13.58 
14.55 
15.25 
15.06 
12.87 
12.3 
Station Shamli 
Year 
Jun-91 
Nov-91 
Jun-92 
Nov-92 
Jun-93 
Nov-93 
Jun-94 
Nov-94 
Jun-95 
Nov-95 
Jun-96 
Nov-96 
Jun-97 
Nov-97 
Jun-98 
Nov-98 
Jun-99 
Nov-99 
Jun-00 
Nov-00 
Jun-01 
1-Nov 
Jun-02 
Nov-02 
Jun-03 
Nov-03 
Jun-04 
Nov-04 
Water 
level 
7.45 
7.55 
• 7.85 
7.54 
8.49 
8.24 
8.62 
6.7 
8.11 
7.07 
8.25 
6.84 
7.68 
4.72 
7.34 
8.76 
8.36 
9.64 
10.32 
10.7 
10.3 
Station Bhoora 
Year 
Jun-91 
Nov-91 
Jun-92 
Nov-92 
Jun-93 
Nov-93 
Jun-94 
Nov-94 
Jun-95 
Nov-95 
Jun-96 
Nov-96 
Jun-97 
Nov-97 
Jun-98 
Nov-98 
Jun-99 
Nov-99 
Jun-00 
Nov-00 
Jun-01 
1-Nov 
Jun-02 
Nov-02 
Jun-03 
Nov-03 
Jun-04 
Nov-04 
Water 
level 
10.62 
9.57 
9.63 
9.5 
10.3 
9.59 
9.85 
8.31 
8.95 
9.55 
10.3 
10.23 
10.7 
11.8 
12.45 
11.9 
13.2 
12.4 
13.6 
12.88 
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